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GENERAL PREFACE

The progress in religious education in the last few

years has been highly encouraging. The subject

has attained something of a status as a scientific

study, and significant investigative and experimen-

tal work has been done. More than that, trained

men and women in increasing numbers have been

devoting themselves to the endeavor to work out

in churches and Sunday schools the practical prob-

lems of organization and method.

It would seem that the time has come to pre-

sent to the large body of workers in the field

of religious education some of the results of the

studies and practice of those who have attained

a measure of educational success. With this end

in view the present series of books on “Principles

and Methods of Religious Education” has been

undertaken.

It is intended that these books, while thoroughly

scientific in character, shall be at the same time

popular in presentation, so that they may be avail-

able to Sunday-school and church workers every-

where. The endeavor is definitely made to take

into account the small school with meager equip-

ment, as well as to hold before the larger schools

the ideals of equipment and training.
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General Prefaceviii

The series is planned to meet as far as possible all

the problems that arise in the conduct of the educa-

tional work of the church. While the Sunday

school, therefore, is considered as the basal organi-

zation for this purpose, the wider educational work

of the pastor himself and that of the various other

church organizations receive due consideration as

parts of a unified system of education in morals

and religion.

The Editor



FOREWORD

The dominant purpose of this little book is a

practical one. One of the great wastes in modern
church life is in the construction of the working

plants. The rapid adoption of the graded lessons

has made an added problem in church construction.

This book seeks to accomplish two results: first,

to outline, so far as it is possible at the present time,

the ideal Sunday-school building; and secondly,

to present some of the best recent plans which

point toward the degree of efficiency desired in

the church school building.

The author wishes to express his obKgations to

the architects whose names appear beneath the

cuts which illustrate the book. Their co-operation

makes possible the later chapters. These men
will be found reliable and efficient in their pro-

fession. The author expresses his appreciation

also to Rev. J. W. F. Davies, of Winnetka, Illinois,

Rev. Herbert W. Gates, of Rochester, New York,

and Rev. Albert W. Palmer, of Oakland, California,

who furnished several cuts.
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CHAPTER I

FUNDAMENTAL PRINCIPLES

The guiding principle in this discussion of the

Sunday-school building will be eificiency. The
religious-educational and social needs, especially

of the young people of the community, will be

regarded as primary. The child is in the midst,

not only in the conduct of the worship and the

determination of the curriculum of the Sunday

school, but also in the construction of the building

for his use. This position does not need defense

in enlightened circles today. We are beginning

to build churches with the fact in view that the

child is present in life.

The t3^e of future members in our churches

is being determined everywhere in the Sunday

schools of today. Let us build so that in the

highest degree the facilities are available for the

highest efficiency in the realization of our great

purpose.

The leisure hours of our young people are potent

for good or evil. The church touches the lives of

its young people at too few points. The need of

direction of young people's leisure time is recog-

nized and the new architecture is responsive to

the need.



2 The Sunday-School Building

The Sunday school is regarded as an integral

part of the church’s activity—its most important

service to the community. If this is recognized

there will be no objection to the larger amount

asked for the provision of adequate buildings and

necessary equipment.

The test of efficiency does not deny the value

of the traditional in architecture. Indeed, properly

considered, the beautiful in exterior or interior aids

in the high endeavors of teacher or superintendent.

These pages, however, will not discuss the tradi-

tional forms of church architecture. The under-

lying purpose is practical, and such matters are

left to the architect who breathes the poetry and

imagination of past architectural forms.

We turn now to the principles which shall

actuate the author in his discussion of the interior

of the Sunday-school building. Here the principle

of efficiency will have full sway. The following

principles will be kept in mind throughout the

discussion of the problems involved in an effective

housing of the church’s educational and social

activity; (a) The importance of beautiful and

harmonious arrangement is recognized. The spirit

of worship is encouraged by an environment of

beauty and harmony. This will lead, for example,

to a recommendation to use the church auditorium

for the worship period in the Sunday school.

(b) Although the teaching function of the church
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is regarded as of primary importance in this book,

the building must be adaptable to other needs of

the church as represented by organizations and

activities other than those of the Sunday school.

Any other attitude than this would be selfish and

contrary to the spirit which should dominate the

construction of a church building, (c) The needs

of each department will be determined by investi-

gation and the building will be constructed in such

a manner as to respond effectively to these depart-

mental requirements. For convenience the terms

adopted by the International Sunday School

Association will be used. Those schools which use

different departmental divisions will find it possible

to make the adjustments without serious difficulty.

(d) Provision for the individual class will be re-

garded as of primary importance. An entire

chapter will discuss this important matter, (e)

The efficient building will be related vitally, not

only to the religious educational needs of the

members of the Sunday school, but also to their

physical and social life, (f) Facilities for worship

will be planned for the whole school, divided into

the units demanded by the best results of psy-

chological study, (g) The recognized principles

of sanitation and hygiene will be regarded as

necessary to any correct construction. Religious

education is dependent upon good air and light in

the accomplishment of its high task, (A) Before
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proceeding to the determination of the ideal

buildmg, we shall profit by the experience of

the past. The next chapter will discuss the domi-

nant type of architecture of the last quarter of a

century.



CHAPTER II

THE AKRON PLAN

The modem Sunday-school movement started

less than a century and a half ago. For over a
half-century it was of doubtful respectability.

Not until some of the church’s far-seeing leaders

approved the plan of Sunday schools for religious

instruction was the school welcomed into the

churches of the land. These early church build-

ings were of the one-room type with straight pews.

Some of .the larger buildings had a basement room
or two. In the sparsely settled regions of the

West, private houses and public-school buildings

were used commonly for Sunday-school purposes.

The genius of the Sunday school makes it possible

to do its important work with little or no facilities

or special equipment. The influence of person-

alities on fire with the ideals of Jesus Christ is not
prevented from doing its work by the absence of

special buildings. We need at the very outset of

our discussion to recognize that ideal buildings and
equipment do not make a successful Sunday school.

The essential element is the consecrated, intelli-

gent teacher. But given a corps of teachers of

this type, a good building and equipment greatly

multiply efficiency.

5



6 The Sunday-School Building

With the advance of population and material

wealth, and the increase in popularity of the

Sunday-school idea, the need of better facilities

became pressing.

ADOPTION OP THE AKRON PLAN

The story of the inception of the Akron plan

has been related fully in another volume/ Lewis

Miller, a lay Sunday-school worker of Akron, Ohio,

created the idea which is now known as the Akron

plan/’ Bishop John H. Vincent defined an ideal

Sunday-school room in the following sentence:

“Provide for togetherness and separateness; have

a room in which the whole school can be brought

together in a moment for simultaneous exercises,

and with a minimum of movement be divided into

classes for uninterrupted classwork.” With this

definition in mind Mr. Miller, in consultation with

Mr. Snyder, a local architect, and Mr. Blythe,

a Cleveland architect, prepared the plans for the

First Methodist Simday School of Akron, Ohio.

This building was constructed in 1867 and soon

became the center of interest for Sunday-school

workers and building committees from all over the

continent, and indeed from all over the world. The

original plan, now familiar to all because of its fre-

quent duplication, is reproduced in Figs, i and 2.

^Lawrance, Housing the Sunday School.
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By permission of G. W. Kramer^ Architect , New York City

Fig. I.—^The Original Akron Plan. Main Floor
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It has been stated that three-fourths of the

churches during the last fifty years, making special

provision for their Sunday schools, have used the

Akron plan in some form. The essential features

of the original plan were a semicircular auditorium

with a balcony; the space under the balcony was

divided into classrooms, the front of each being

open so that all could see the superintendent’s

platform; a similar series of classrooms in the

balcony provided further facilities for privacy.

A row of seats made it possible for all in the balcony

to see the superintendent also. A fountain and

flowers occupied the center space, which was lighted

by clerestory windows. The side walls of these

odd-shaped classrooms were plastered and the

front was closed by glass doors. Certain obvious

advantages were realized at once by this plan.

The classes heretofore had not been separated sat-

isfactorily in the one- and two-room church build-

ings. With the Akron plan many classrooms were

made available and much privacy was afforded.

The building must have seemed a wonderful

advance and quite ideal to the Sxmday-school

workers of the seventies.

The Uniform Lessons were inaugurated in 1872

and soon the Akron plan showed its adaptability

to this system of lessons. All the school studied

the same lesson and worship for all was conducted

by one man. Perhaps it would be more accurate
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to say that ^^opening and closing exercises^’ were

conducted by the superintendent, who was the all-

important individual. Most of our Sunday schools

fail to use effectively the time for worship. Plenty

of noise and “enthusiasm’^ led by a popular busi-

ness man is mistaken often for successful worship

in the Sunday school. The Akron plan lent itself

to the “togetherness” idea of Bishop Vincent.

One of the features of the Uniform Lesson system

in later years has been the superintendent’s ffve-

minute review of the Uniform Lesson at the close

of the class-study. This was facilitated by the

Akron plan. For forty years most of the churches

have used some form of the Akron plan in their

provision for Sunday-school instruction. The plan

was varied in many ways, such as the development

of a more satisfactory balcony seating arrange-

ment, the introduction of more effective means of

shutting out sound, the squaring of the classrooms,

and the seating of the center space on the main

floor. But the essential idea of “togetherness”

has reigned supreme.

EAULTS or THE AKRON PLAN

With wide experience in the use of buildings

of this t37pe difficulties arose. Discriminating

Sunday-school workers discovered that these diffl-

culties were largely due to the way in which the

building was constructed. The many partitions
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of the Akron plan created problems of discipline

that interfered seriously in the efficient conduct

of worship. Thoughtful workers realize that wor-

ship is one of the great opportunities of the

Sunday-school hour. Any lack of efficiency here

must be studied carefully and removed. The

worship of God is a social act and needs to be con-

ducted in a spirit of fellowship. The numerous

plastered walls of the Akron plan broke the Sunday-

school congregation into segments and prevented

the helpful worship possible in the open room of

churchly architecture. Architects attempted to

obviate this difficulty by providing balcony seats

from which a portion, at least, of the Sunday school

could be seen; but this was not wholly satisfactory.

One of the best known of our Sunday schools has

not for years allowed classes to go to the balcony,

except for the class hour. This, no doubt, is

but one instance which might be multiplied by

hundreds.

We are still controlled largely in our Sunday

schools by the ^‘togetherness’’ idea. The Akron

plan will be considered of great advantage as long

as the superintendent is regarded as the most

important personage in the school. Just as long

as he is considered the most efficient individual to

conduct worship for all, just as long as the super-

intendent’s review of the lesson is considered* as

superior to the specialized summaries of the indi-
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vidual teachers, the Akron, plan will lend itself to

the “togetherness” idea.

As better methods of instructing young children

came into our Sunday schools the teachers of

Beginners and Primary departments began to

demand entire separation. This has been realized

only gradually and wjth great reluctance on the

part of the Sunday-school world. But the inevit-

able has come to pass and reflects itself in separate

rooms for the two lower departments.' George W.

Kramer, a New York architect, apparently saw

the trend of Sunday-school development and as

far back as 1893 prepared a model building which

was exhibited at the World’s Fair that year. This

building provided separate rooms for all depart-

ments, still retaining, however, the possibility of

“togetherness.”

Nor was the method by which “separateness”

was gained altogether satisfactory. Reference has

already been made to the demands of the Primary

teachers. The requirements of pedagogy call for

frequent change of program with the little children.

The use of music could not but disturb the rest

of the school. The strangely shaped classrooms

required for the focus of all upon the superin-

tendent were not satisfactory. Frequently they

were poorly lighted, and almost always, especially

in the smaller churches, the ventilation was seri-

ously defective. So often is this the case that
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very frequently the curtains or doors of the Akron-

plan classrooms are left open during the class

hour. Poor air and light will defeat the best

efforts of an efficient teacher. The elimination of

disturbing noises was not completely successful,

because of the flimsy partitions and temporary

provision for the front closing so frequently used.

THE AKRON PLAN AND GRADED LESSONS

In 1908 the International Sunday School Asso-

ciation in convention at Louisville, Kentucky,

authorized the preparation of graded lesson out-

lines. The graded lessons for the lower depart-

ments had been in use for several years. The

architectural situation soon became acute. Within

five years 35,000 schools adopted the graded

lessons. These schools felt the pressure of inade-

quate building facilities. The Akron plan was

found to be unsuited to the new lessons. This was

foreseen by the more intelligent of the advocates

of the Akron plan. The graded lessons require

several separate departmental assemblies as well

as separation by grades or classes within depart-

ments. Each grade in a fully graded school uses

different lesson material. The review by the

superintendent is no longer possible. The super-

intendent of a school of 1,000 members told the

author that he was going to resign, for there was

nothing worth while for him to do, now that the
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lesson did not require review at the close of the

hour! With the new graded lessons a general

assembly is only occasional, except in the smaller

schools. Stress is laid upon a carefully conducted

departmental assembly, and especially upon the

work of the pupils in the individual classes. The

new unit is the classroom. The new person of

importance is the teacher.

There has been much activity among architects

since 1909, seeking to produce a building which

shall be satisfactory with the new graded lessons.

Much progress has been made. This volume will

show plans of some of the newer types and will

indicate the line of progress. But before consid-

ering the plans in detail it will be advisable to

determine the lines which an ideal Simday-school

building will follow. This we shall do in the

following five chapters.



CHAPTER III

THE IMPORTANCE OF THE EXTERIOR

THE IDEAL SUNDAY-SCHOOL BUILDING

It will, of course, be impossible to present in the

following chapters the plans for a building which

will satisfy every need of every Sunday school,

regardless of situation and size. However, there

are certain fundamental features which should be

present in the ideal building for the modern graded

Sunday school. Indeed, those churches which

still prefer to use the Uniform Lessons will find here

helpful suggestions in planning their new buildings.

The question is asked in every case, Will this fea-

ture make the building more efficient in carrying

out the ultimate purpose of the Sunday school as

the educational arm of the church? The author

has in mind the average school rather than the very

large or the very small school. Practically every

suggestion will be found adaptable in some measure
to every school. The reader will find in the suc-

ceeding chapters the principles and illustrations

by which he may work out the solution of his

individual problems.

EXTERIOR ARCHITECTURE

The purpose for which the Sunday school exists

can best be served by a substantial, dignified, and

14



Importance oe the Exterior 15

beautiful exterior. If beautiful architecture can

be justified at all, it must be used in the buildings

which house the religious educational facihties for

our growing young people. The church building

should incorporate in itself, in a sense, some of the

great thoughts for which religion stands. It is a

reflection of the value which its builders place upon

God and his worship.

Therefore it should be durable in construction,

with simple exterior plan and notable absence

of flimsy ornament. That construction material

which is genuine, rather than that which is veneer

or showy in character, is to be preferred. The

lines of the building should suggest strength and

repose, dignity and reverence. Thus the uncon-

scious impression of the building in which the

Sunday-school interests of the church are housed

will serve that for which the Sunday school

exists. It will take a courageous committee to

withstand the temptation to make a large, showy

exterior. The ministry of art in giving refine-

ment and proportion to our church buildings is

an undoubted influence for religious education.

While these considerations are usually given

due attention in our larger and more pretentious

buildings, they are often forgotten in our humbler

churches, which, nevertheless, are planned to

perform the same function in the lives of our

people.
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Attention should be called also to the necessity

of surrounding our churches with artistic and well-

kept grounds. Many otherwise beautiful buildings

give a poor impression because of the wrong treat-

ment of the grounds. The buildings are often-

times placed too near the street, or face the street

in a wrong direction. The vertical surface of the

side of the building should be blended with the

horizontal surface of the ground by judicious plant-

ing of shrubbery or vines. The landscape gardener

often can render great service to the committee

just completing a new church and Sunday-school

building. Too much attention cannot be given

to the impression made upon boys and girls by the

buildings and grounds with which is associated

their religious education.

The buildings of the Second Baptist Church,

St. Louis, Missouri (Fig, 3), illustrate in a marked

degree the use of the splendid Lombardy Gothic

architecture. The left-hand building is used for

church worship and the right-hand building for

educational and social purposes. The space be-

tween is a sunken garden. Above the rear loggia

rises the noble campanile. Thus the church in its

architecture declares to the world its faith in the

importance both of worship and the educational

and social work of the church.

An excellent example of a good exterior for a

church seeking to serve the community at large is
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shown in Fig. 4. This church is located in a subur-

ban district where the cost of the land is not so

serious a factor as in a large city. The plans of the

community house of the Winnetka (111.) Congre-

gational Church are shown in Figs. 17, 18. The

notable absence of the showy, the noble tower

entrance, the blending of lawn and shrubbery with

the rough stone of the walls, all contribute to a

harmonious whole which must have a refining

influence upon the hundreds who come and go

every week.

It is not necessary to expend a large amount of

money to gain a building the exterior of which is

satisfying. Often a large amount of money fails

to gain the very elements which are here regarded

as essential. It is more a matter of good taste

and artistic judgment than the expenditure of

money. If the architect employed is an artist he

will breathe into the church, whether large or small,

an atmosphere of reverence and worship.



CHAPTER IV

SUN-DAY-SCHOOL WORSHIP AND GENERAL
ASSEMBLY

The worship of the pupils of our Sunday schools

should be graded as well as the curriculum mate-

rial. This is made necessary, not by any passing

fad, but by the newly discovered growing child,

who determines for us the proper equipment for

his education. It is not possible to conduct

properly in one session the worship of pupils vary-

ing in age from four years to full maturity. When
the appeal is effective for one age, other groups are

listless or inattentive. Thus the problem of cor-

rectly grading Sunday-school worship becomes a

vital one to the persons seeking to house the Sun-

day school effectively. An understanding of its

function in directing the worship of children and

youth will urge careful attention to that portion of

the Sunday-school activity which takes one-half

of the pupiFs time in the Sunday-school session.

Psychology, then, demands that the Sunday-school

worship shall be graded and conducted in several

groups.

When the school is large the problem is not

so difficult. The Beginners will have a separate

room with musical instrument. So also will the

20



Sunday-School Worship 21

Primary children, aged six to eight. Some schools

find it possible to conduct worship in an “Ele-

mentary Division/’ constituting Grades i to 4 or 5

(Fig. 6). The Juniors in a large school will wor-

ship in their own room, effectually shut away from

outside disturbances. This department should be

fered for generously in every way, for the church’s

recruits are largely prepared for the new loyalty

in this period. Worship, then, should be directed

carefully for the Junior group. The Intermediate

and Senior departments will worship together most

frequently. It is true that a demand for sex sepa-

ration in the “teen-age” periods calls for two

groups for worship. Where this seems to be wise,

separate rooms will be required. Later plans will

show how this is possible. The great majority of

schools, no doubt, will continue for some time the

worship of ages thirteen to twenty of both sexes

in one group. Separate assemblies of boys or girls

after class work can be planned easily. Adult

worship comes normally at the church hour. No
special provision is needed for men and women in

most schools. Either they will worship with the

upper departments of the school, or, meeting a

half-hour later than the rest of the school, they

will go into the regular morning service for their

worship.

When the school is smaller, combinations will be

necessary and desirable in worship. The Beginners
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and Primary departments will unite for worship,

and the remainder of the school will worship to-

gether. Such a plan will be shown later (Fig. lo).

But what provision will be made in the ideal

building for general assembly of the whole school ?

There are the special days with large attendance

and many visitors—^Rally Day, Thanksgiving

Day, Christmas, Easter, Memorial Day, Grad-

uation, etc. The whole school will meet in general

assembly only occasionally, not over seven or eight

times a year. A large auditorium should not be

built to be used on so few occasions. Where shall

these sessions be held? The obvious answer is,

In the church auditorium. Some may obje.ct at

once. The church proper should not be used for

children’s exercises lest reverence be destroyed.

One of the important duties of the church school is

to develop a sense of reverence in the growing child.

Surely no place could be found more calculated to

arouse reverence than the church auditorium. It

is true that the use of the church auditorium might

change the type of worship and general assembly.

That might not be a serious result. We suspect

that the unwillingness to allow the use of the

church auditorium for Sunday-school purposes,

in many cases, arises from a knowledge of the type

of worship often conducted in our Sunday schools.

In the larger churches there will be a demand
for a general assembly room for entertainments
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and social purposes. Such a room should then be

provided in the ideal plan. Often it will be the

gymnasium where facilities are afforded for physi-

cal recreation (Figs. 8
, 13, 39 will illustrate this

suggestion)

.

The worship facilities of departmental groups

will be discussed more fully in the next chapter.

This chapter has sought to make clear the fact that

the worship of a modern Sunday school will be

conducted in from three to five groups, according

to the size of the school. The secondary audi-

torium for Sunday-school assembly has been dis-

couraged, for the space is needed for classrooms,

as chap, vi will make clear. Where the Sunday

school is large, a secondary auditorium, also fitted

to serve the church for social and gymnastic pur-

poses, is recommended. The plans shown later

will illustrate the possibilities in this direction.



CHAPTER V

MEETING THE NEEDS OF THE DEPARTMENTS

Departmental needs will be discussed under

the following heads: Beginners, Primary, Junior,

Intermediate, Senior, Adult. Access to any of

these departments must be direct from halls and
not through other departments. The classroom

facilities for each department will be discussed in

detail in the following section.

It is clear that absolutely separate rooms must
be provided for the first three departments. The
method of combining these departments into a

large assembly room by the use of temporary parti-

tions of any kind must be abandoned, and perfect

freedom from disturbance by those near by must
be accorded each of these departments. Each of

these three departments ministers to a distinct

epoch in the life of the child or youth. If a given

department does not do its full work, all later

departments will suffer in their efiS-ciency; or,

stated in more serious language, the religious life of

the boys and girls in the departments not properly

provided for wiU suffer beyond recovery.

BEGINNERS DEPARTMENT

No movement in modem education has better

vindicated its right to be than the Kindergarten.

24
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The religious significance of the work for the smaller

children is well recognized by educators. The

Beginners Department in the Sunday school, then,

should have every facility for its work. It would

be foolish policy indeed to limit the efficiency of the

educational work at its very foundation. How
permanent can we expect the superstructure to be

that is placed upon an inadequate foundation,^

The social experience of the children of the Begin-

ners’ age is limited very largely to the home. The

room used for their religious education should there-

fore partake as largely as possible of ideal, home-

like conditions. The ideal Beginners’ room will

be flooded with sunshine and cheeriness and pro-

vided with ample fresh air. The young child in

a new environment will be fearful if the place is

gloomy. The department will be on the ground

floor with the fewest possible steps. Even two

or three steps should be eliminated, when direct

outside entrance is possible, by the use of a rubber-

covered gentle incline. The ceiling of the ideal

department for Beginners will be low and studded.

Care will be taken that the room is not unduly

large. The department needs little more room

than for the circle of chairs and the kindergarten

tables. The visitors should have an inconspicuous

place at the backs of the children; possibly, if the

school is large and visitors are present often, in an

alcove built a step above the room. The pictures
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used to decorate this room should be hung low^

near to the line of vision of the children; a burlap

dado is useful on which to fasten lesson pictures

close to their eyes. The room will be more

homelike if the floor is covered with a rug.

If bare floors are used, the legs of the little chairs

should be provided with rubber tips. The black-

board is desirable, either built into place or

movable. The children can do their work best

•seated on small chairs at standard kindergarten

tables. Thoughtfulness for the teachers dictates

ample locker and cabinet space, so that all

lesson material may be stored in order and be

found quickly when needed. The lack of this

simple requirement often has interfered with

efficient work. The ideal calls for a cloakroom;

a closet with low toilet for children; and a

screen near the entrance of the room to prevent

undue disturbance from those entering during the

exercises. Screens will also be found valuable

for the separation of the two years of the Be-

ginners, and of classes seated close to each other.

In the larger school a folding door, or other

device, may be helpful during the class hour for

the separation of the two years of Beginners’

work. Other suggestions for this department

may be found in the examination of modern

kindergarten departments in our better pubMc

schools.
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PRIMARY DEPARTMENT

This department should have a room entirely its

own, entirely separated from other departments by

permanent walls. It should have access to the

rest of the school by means of halls, not by means

of doors entering directly into other departments.

Where the Primary and Beginners departments

are located in close contiguity, a cloakroom may,

with advantage, be placed between the two rooms.

The Mothers’ room, to which reference is made

later, may be located with convenient access to

these departments. The Primary Department

room should be large enough to permit of division

into three rooms by means of accordion doors or

other device. This will permit each grade to have

a room by itself for the class hour. Should this

not be practicable, a compromise may be made by

having two smaller classrooms opening from the

main Primary room. All that has been said in the

paragraph on the Beginners Department concern-

ing sunshine, height of ceiling, placing of pictures,

tables, and chairs is applicable here. The tables

should be of a height that will enable the pupils to

work with comfort. The chairs should enable the

children to sit with their feet easily reaching the

floor. Fig. 5 gives the floor plan of the Long

Beach (California) Methodist Primary Depart-

ment which has many admirable features.^ Note

the provision for children’s toilet, visitors, separate
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classrooms, and soft, overhead light. The Plym-

outh Church, Minneapolis, has a department for

Grades i to 4 (Fig. 6) which is thus described by

the superintendent of the school in Religious Edu-

cation (August, 1910):

The Junior Department includes the Kindergarten class

and the first four grades, and for this section of the school

the Junior or Children’s room was designed. Accessible

through a large double door, it is a room 30X34 feet in size.

In one corner is a door which leads to a safe iron fire escape.

The room is lighted by eight Gothic windows. The wood-

work is a soft brown-toned oak, the walls painted in flat

color to harmonize with the panelings. A good yellow-

brown carpet covers the floor; simple net curtains soften

the light which comes through the many diamond panes of

clear glass. The room is furnished with 120 specially

designed little Gothic chairs in the same soft brown color.

A unique feature of this room is the generous

use of the best art in its decoration. A beautiful

fireplace is centrally located. On the wainscoting

of three sides of the room are installed forty-four

brown carbon prints of the life of Jesus. Opening

from this room are enough classrooms to allow

each grade to withdraw to its own room, leaving

the larger room for the Beginners^ circle.

JUNIOR DEPARTMENT

Some of the most important work in the Sunday

school is done during the four years of this depart-

ment. More study may be expected and more
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Shepley, Rutan 6* Coolidge, Architects^ Boston^ Mass.

Pig. 6.—Plymouth Church, Minneapolis, Minn. Junior Room
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information is absorbed by the pupils during

this period than in any other to which the

Sunday school ministers. A separate depart-

mental room is absolutely essential in which

worship can be conducted without disturbing

other departments or being disturbed by them.

The same suggestions made earlier concerning

cloakrooms may be used in this case to insure

soundproof partitions.

The room should be capable of division into four

separate grade rooms by removable partitions.

Experts vary as to the separation of the sexes for

class work in this department. The writer regards

the separation of boys and girls as desirable at this

age. In such case the provision of four additional

classrooms opening from this departmental room

would be ideal. Where the divisions are made as

first suggested, screens may separate the classes

in the same room. These classes will be seated at

tables about 3X7 feet in size, the teacher seated

at the middle of one side of the table. Where pro-

vision is made for a geography room it should be

located in convenient relation to the higher grades

of the Jimior Department. See a later paragraph

for a description of this room. Blackboards should

be available for each class in this department, and

maps for the upper classes, depending on the grade

in which they take up geography in the public

schools.
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The Junior Department is a busy workroom,

having no special provision for visitors. This

department needs every facility for worship and for

grade instruction, and in the larger schools for

separation into individual classes not exceeding

ten pupils in number.

INTERMEDIATE DEPARTMENT

The architectural requirements for the Inter-

mediate and Senior departments vary with the size

of the school. With the average school these

departments will probably meet together for wor-

ship, also including adult members of the school.

In this case there will be required a room of ade-

quate size for the assembly with a sufficient num-

ber of adjacent classrooms of varying size. The

assembly room may also be divided into several

temporary classrooms. Not every grade of the

International system will be represented always in

these departments. It will be better to group

a larger number with a fine teacher than to

break up these departments into numerous small

classes which will lack the essential quality of

enthusiasm.

There is developing a considerable sentiment

for Boys’ and Girls’ departments from the Inter-

mediate age on. Where this is desired, adequate

architectural provision can be made in a manner

similar to that recommended for the Junior Depart-
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ment. Illustrations of such a division will be

shown later (see Figs. 19, 20, 35). In the larger

schools the Boys^ and Girls’ departments will be

found of considerable advantage, especially if pro-

vision is made for regular worship together. The

larger school will make provision for separate

assembly for the Intermediate and Senior depart-

ments. The assembly room of the Intermediate

Department when provided could be divided into

two rooms, one for each sex, for departmental

meetings. Close to this assembly room the class-

rooms should be located.

The use of the church auditorium for the wor-

ship of the Intermediate, Senior, and Adult depart-

ments is recommended where the school is not too

large. This would give a beautiful, churchly room

for the worship of these groups and would obviate

the necessity of building a second auditorium for

this special purpose. A later section will indicate

more in detail the character of the classrooms.

senior department

The needs of this department have been covered

practically in the foregoing section. The unit is

the classroom of the type suggested in the dis-

cussion of that important subject. The classes

will tend to become larger in size in this depart-

ment, hence larger classrooms for organized classes

will be required.
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ADULT DEPARTMENT

The worship provision for the members of this

department should be either in the united session

of the upper departments referred to in foregoing

sections or in the regular service of worship of the

churchj which is the logical time for adult members

of the school. In that case adult classes will meet

in their own classrooms a half-hour later than the

rest of the school if the session precedes the morning

worship of the church. Large, cheerful rooms,

comfortably seated, provided with built-in black-

boards and a nest of maps of biblical lands, will

provide adequate accommodation for adult classes.

These rooms may be thrown together by means of

folding doors and thus make the large church parlor

for general social occasions.



CHAPTER VI

THE CLASSROOM—THE NEW UNIT OF
CONSTRUCTION

The classroom is the unit of architecture for

the graded lessons. The teacher is the important

personage whose class of whatever age must be

given adequate provision. In general an ideal class-

room may be described as a rectangular, plastered

room, with outdoor light and good air. This

room will have entrance by but one door to a

hall, and will not be connected with a neighboring

classroom, except by this hall. Wall space will be

sufficient for all equipment, including maps and

blackboard necessary for the conduct of the class.

A cabinet will be in place in which the class sup-

plies can be kept. The floor space will be sufficient

for a large table about which the class will sit, or

in the case of high-school pupils desk chairs may be

substituted. Upon the walls will be hung beauti-

ful art reproductions suitable to the age using

the room and appropriate to the lesson material

studied. Clearly this is an ideal situation which

in many cases must be approximated rather than

fully realized. But it is well to recognize the

ideal; often it will be found quite possible of

realization.

35
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CLASSROOMS BY DEPARTMENTS

In the Beginners and Primary departments

separate rooms for a portion of the membership

are desirable in some degree, but not so essential

as in later years. Screens, curtains, and folding

doors will frequently afford such a degree of privacy

and freedom from disturbance as will give efficient

service. The larger the departments the more

provision should be made for some additional

classrooms for these departments, but in the

average school such provisions as are suggested

in the previous section may be regarded as

adequate.

The Junior Department, however, presents

a different problem. Discipline must take a

different form. Outside interruptions must be

shut out in every way possible. The author

regards separate classrooms as pedagogically valu-

able for this department, or for the upper classes

in it. At least screens or curtains should- be

employed. If these Junior classes can be shut

away from outside noises and sights, efficiency

will be greatly increased. A much larger number

may be handled in a class when a quiet room

is provided. The classrooms for the Jxmior

Department should have large tables of proper

height, comfortable chairs, blackboard, suitable

pictures, and, in the upper grades, maps of

Palestine.
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It is in the Intermediate Department that the

classroom is of the utmost importance. Answer-

ing to the general requirements of the ideal class-

room it may also become the clubroom for the

social life of the class during the week. Its

decoration may be made a matter of class interest

under the direction of the teacher. Knowing

that 6o per cent of all the pupils who leave the

Sunday school do so during the ages which this

department includes, what should we not do to

make the church life of these unstable youths of

the utmost attractiveness ?

All that has been said concerning the class-

room requirements of the Intermediate is true also

of the Senior Department. These young people

will very soon be active in many of the church

organizations. Let them have every encourage-

ment. The church should be the most attractive

place in the community life to them. Churches

which desire to improve present buildings by

providing better classroom facilities will find

suggestions in chap, xii, Remodeling Old

Church Buildings.’’

A word may be added about different methods

of making classrooms. Curtains are better than

nothing, but should not be planned in a new build-

ing. In one of the recent notable Sunday-school

buildings from the standpoint of expenditure, a

sxun of $ij 2oo was expended for curtains and brass
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rods to make sixteen classrooms! A few hundred

dollars more would have given a much superior

form of separation of classes. Screens are good

to separate classes from passing people, but are

not efficient in shutting out noises. Accordion

doors, when tightly fitted, or flexible doors similar

to a roll-top desk are good. Architects are using

a door consisting of a frame covered with heavy

canvas on either side and inclosing an air space.

This door or partition is said to be very effective.

The architect should be consulted about these

details. Nothing, however, will take the place of

the plastered wall and the closely fitted door.

SPECIAL ROOMS

There are a number of special rooms, several

of which should have place in every progressive

Sunday-school building. The director or superin-

tendent should have an office conveniently situated

with reference to the activities of the school and

easily accessible to the public on week days, espe-

cially when the director is a salaried official and

keeps regular hours. The teachers should have a

room to which they may come at any time for

study. It should have facilities for keeping books;

should have a comfortable table, and good light for

reading. It should be large enough for the weekly

or monthly meetings of the teachers. It might

profitably be m suit^ with the museum, missionary.
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and exhibit room, and the geography room to which

reference is now made. The museum, missionary,

and exhibit room serves a threefold purpose, for

within its walls should be brought together every

object that will help to illuminate the Bible,

which is essentially an oriental book, objects

which will help the pupils of the school to under-

stand the activities of missionaries, and lastly an

exhibit of the work of the pupils of the various

grades. The knowledge that their work, if of

sufficiently good quafity, may be exhibited will

be a legitimate incentive to many. The geography

room is in line with the tendency in our best

schools toward departmental methods in teaching

a difficult subject. This room will be equipped

generously with the best maps, topographical maps,

globe, sand-trays, work-table, etc., and will be in

charge of an expert teacher in geography. Classes

of various grades, especially those of the late

Junior and early Intermediate ages, will receive

in this room the special geographical instruction

which will enable them to pursue their regular

courses intelligently. The secretary and librarian

should have good rooms with convenient facilities

and ample cabinet space for supplies. In the

largest schools all of the extra supply equipment

may well be kept behind a counter, which will

enable the secretary and librarian to meet all needs

in an orderly manner. The Mothers’ room,
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situated close to the Beginners and Primary depart-

ments, has been found to serve a good purpose.

This room can be made of additional value by

equipping it as a classroom in child life for the

mothers who wish to be near their children.



CHAPTER VII

THE CHURCH-HOUSE AND COMMUNITY
SERVICE

One of the most serious problems of modern

life is the proper use of leisure time. Many of

the evils of city life are caused by misdirected

activities of the hours when labor or school does

not keep young people occupied. Boys and

girls and young people are on the streets and

become patrons of commercialized amusements,

most of which are superficial and give distorted

views of life. The motion-picture show, as now
conducted, is frequently positively harmful and

imparts conceptions of life at serious variance

with those ideals for which the church stands.

The stress and struggle for physical stability in

young people requires abundant expression of the

play impulse. In our modern life there is scant

opportunity for this expression. The national

game is splendid for the players, but the effect

is not permanently good for the thousands of

yoxmg people who crowd the bleachers. The
influence of the amusement parks in our large

cities is almost uniformly harmful. The student

of conditions discovers a generation of young

people who are giving their leisure time to a search

41
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for pleasure which often proves to be pleasure of

an unwholesome type. This search takes them

far from the church, the doors of which are fre-

quently closed during six days of the week.

There is developing rapidly in our churches a

desire to serve the community at the point of need,

whatever that may be. Developing the kingdom

of God on earth is becoming a dominant motive

rather than the preparation of people for life in

another world. In the new social era upon which

we are just entering, some organization should

become the educative influence toward higher civic

ideals. Why should not the church accomplish

this task for the community ? Who shall provide

a center for social and recreational activity ? Why
not open the church buildings and put them to use

seven days in the week instead of only occasionally,

as in so many cases now ? The great play impulse

deeply implanted in human nature should not be

wholly commercialized. The aesthetic nature of

man should not be turned over entirely to grand

opera.

This chapter is concerned with the architectural

needs of the church which is seeking the largest

possible service to the community of which it is a

part. Obviously these needs will vary widely and

the demands upon some churches will be much
greater than upon others. As long as boys and

girls need recreation and social life the church is
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charged with the duty of either supplying the

opportunities or being sure that other community

agencies provide wholesome recreation. There

should not be serious duplication of agencies. If

a Y.M.C.A. provides ample opportunity for physi-

cal exercise and play it would be better for the

church to support the agency already established.

It will be better to censor strictly the motion

pictures of a dozen theaters, if the proprietors will

submit to a censorship, than to provide the pictures

for a comparatively small number in the church-

house.

A large social hall and gymnasium combined

will be found of great service to the community.

Here entertainments and musical occasions can

serve the community at large. The play instinct

of young people can find full opportunity for

expression. This room should have a high ceiling

and should usually have a gallery for spectators.

The room should not be stocked with a full assort-

ment of apparatus. This is expensive and unneces-

sary. Better results may be obtained with games

which excite the interest of the boys and girls.

The room should be as large as possible in floor

space, up to 50X80 feet in size. A stage at one

end will give opportunity for amateur dramatics.

At the other end a fireproof motion-picture

operating-room can be constructed. Folding chairs

should be provided for audience purposes. Special
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attention should be paid to exits from this large

general room. They should be ample in size, not

less than two in number, preferably four if it is a

full-size room, and stairs should be as few as pos-

sible. Single steps in halls are an abomination and

should be avoided absolutely. Inclines are prefer-

able, especially when large numbers of people use

the halls for entrance and exit purposes.

Where the opportunity for exercise is afforded

it is essential that lockers and shower baths be

provided also. And in this day of the ^^boy

problem we must not forget to provide for the

girls also.

The church-house seeking the largest service

to the community will provide, in addition to enter-

tainment and gymnasium features such as have

been outlined above, rooms for reading and games,

in case such service is not rendered adequately

by the community library or other agency. It

cannot be concluded that this service is unnecessary

because there is a public library or a Y.M.C.A.

a mile or two away. Perhaps a branch ought to

be located in the church, which many public

libraries are very willing to permit. The direc-

tion of children and youth in their reading is one

of the most potent, and as yet neglected, oppor-

tunities for character development. Rooms should

be provided for the club life of the boys and girls.

The clubs under skilled direction are powerful
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factors in the creation of high ideals. These

same rooms are, of course, available as classrooms

for the Sunday school. Attractive parlors for

social life, with convenient kitchen arrangements

near by, are also valuable for the largest com-

munity service. Special community needs often

make it advisable to have provision for billiards

and bowling in the community building.. Pro-

vision for bowling should be in the basement and

should be so located that the noise will not disturb

other activities. Let those who would criticize

sharply the provision for billiards and bowling in

the church-house ask the question of themselves,

Are buildings more sacred than boys?

There are scores of church buildings today

which approximate the service to the community

described above. Plans of the Winnetka (Illinois)

Congregational Church and the St. Paul’s Meth-

odist Episcopal Church, Cedar Rapids, Iowa,

shown in later chapters, are especially good illus-

trations. Note the plans offered in all of the

later chapters. There are shown here (Figs. 7, 8,

9) the three floors of Plymouth Center Building,

Oakland, California. In a very few years this

church has multiplied its membership fivefold and

crowded its two buildings by rendering the type of

service indicated above. The plans largely explain

themselves. In the basement there is provision for

bowling, a men’s league room, several clubrooms
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for boys, and showers and dressing-rooms. The

first floor provides a boys’ and girls’ game-room,

a reading-room, and accommodations for pool

tables. The use of this building is scheduled so

that girls and young women are in exclusive

possession at stated periods. A large gymnasium

and Sunday-school room occupies most of the first

floor. Alcove classrooms are provided by large

doors which swing out from the side walls. During

the week these make a wainscoting for the gym-

nasium. This is not an ideal arrangement for

classrooms, as an earlier chapter has indicated,

but at least eye-disturbances are avoided. This

room, 55X65 feet in size, has a 22-foot ceiling, thus

making an ideal play gymnasium. The second-

floor plan shows a gallery for spectators, classrooms,

a study for the pastor, and a social hall with adja-

cent kitchen. This plant is separate from the

church building proper, and cost $25,000. The

response of the community has been such that

already it is overcrowded.

While providing for the week-day activities

of the church this building lends itself well to

the Sunday-school class work. Every portion of

the building is occupied with Sunday-school

departments and classes. In a short time the

Sunday school has grown to about six hundred

members. The Junior Department occupies the

gymnasium; the Girls’ High-School Department,
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the reading-room; the Boys^ High-School Depart-

ment, the men’s league room and adjacent class-

rooms; the Primary Department, the social hall.

Our churches are increasingly providing for this

larger service to the community. It will be well

for all building committees to consider carefully

the rich opportunities in this direction.



CHAPTER VIII

THE VILLAGE AND COUNTRY SUNDAY-SCHOOL
BUILDING

Much is being written on the rural problem at

the present moment. There is not space here

to discuss all of the problems which have been

shown to be present in our village and rural situa-

tion. When the investigations have been com-

pleted it will be 'found, no doubt, that men and

women, boys and girls are essentially the same,

whether they live in the crowded city or in the

small village or in the open country. Their desire

to worship, their need of knowledge of the Bible,

their need of social and recreational activity will

be found to be similar to that of their city cousins.

The country church will seek to develop its possi-

bihties to supply that which the community needs

for its larger life. At the present time the average

village and country church building consists of

one or two rooms. Chap, xii will suggest some

ways by which these buildings may be improved.

This chapter seeks to give some suggestions to the

village or country church which is about to con-

struct a new building.

WESTERN (Nebraska) baptist church

The ideals suggested in the preceding chapters

are not entirely impossible for the village or country
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church. Not everything mentioned is required

for the smaller group of people to which such a

church ministers. Fig. lo gives the floor plans of

the Western (Nebraska) Baptist Church, altered

by the courtesy of the architect to approximate

the needs of the graded lessons. An examina-

tion of this plan will show that separate depart-

mental sessions will be possible for Beginners

and Primary, Junior, Intermediate, Senior and

Adult. For a school of approximately one hun-

dred and fifty pupils separate classrooms will be

provided for all of the classes of the Junior and

Intermediate departments on the basis of com-

bining two grades in one class in each case.

This is more desirable than attempting a full-

graded plan with only four or five at most in a

class. The auditorium is lighted from above

when classrooms at the sides are closed. The

Primary Department would have an excellent

room in the chapel. Senior and Adult classes

could meet in the corners of the auditorium,

which could be used for the worship service of

the whole school from the Junior Department

up. The chapel room would be found excellent

for the social life. The number of classrooms

could be doubled by building a second story of

them on each side with .stairways from the vesti-

bules. A basement floor would give added facili-

ties for social and recreational activities, adding,
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however, considerably to the expense of the build-

ing. This church can be built for a modest sum,

varying with the material used and the place of

construction. An inquiry to the architect will

give the information desired.

TEMPLE CHURCH, MINNEAPOLIS

Fig. II illustrates another type of medium-cost

church which provides an equipment that will

relate itself very well to the demands of the graded

lessons and social work. Note on the ground floor

the departmental rooms for the Primary and

Junior departments. What is denominated ^^Sun-

day School Room” in the plan serves for general

assembly of the Intermediate, Senior, and Adult

departments. Ten classrooms aid in providing

quiet for the lesson hour. Glass doors in the class-

rooms admit light to the assembly room. Curtains

or flexible doors would divide the main room

effectively at the line of posts. The gymnasium,

on the floor above the ^^Junior Room,” provides

excellent floor space for play and entertainment.

The main auditorium provides idea,l assembly for

worship should the ground floor be needed for

additional classrooms or departmental space. In

a building of this type, which, by the way, has a

pleasing exterior, there is possible every provision

for social life for young people. A gymnasium is

planned at the rear of the auditorium floor above
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the Junior Sunday School Room.” The graded

school will find reasonably adequate accommoda-

tions and good opportunity for departmental

organization and sessions, five rooms being avail-

able for this purpose. This building is considerably

more expensive to construct than the preceding,

but is within the means of many churches in the

country centers.

CANADIAN COMMISSION PLAN

Figs. 12, 13, 14 reproduce a plan offered in

the ''Report of the Commission on Religious Edu-

cation” to the Canadian Presbyterian General

Assembly. The plans are for a building to care

for about one himdred pupils. The longitudinal

section (Fig. 12) is suggestive in that it shows

that the class or departmental rooms are entirely

above ground. The Beginners, Primary, and Jun-

ior rooms may be thrown together for worship.

This room makes a desirable chapel for other

church purposes. The Intermediate and Senior

young people have two excellent departmental

rooms which, by means of partitions, may be made

into four good classrooms. The auditorium is

available for worship, which in a small school will

include all from the Junior age up. A recreation

and social room of generous size and high ceiling

provides admirable facilities for play and social

life (Fig. 13). There is much that is valuable in
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Sharp Browft, ArcMteeiSf Toronto, Canada

Fig. 13—Canadian Commission Plan. Ground-Floor
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this plan. The author ventures the suggestion

that with the use of the auditorium for worship^

four plastered classrooms with separate entrances

would add to classroom efficiency.



CHAPTER IX

THE SUBURBAN SUNDAY-SCHOOL BUILDING

The ^'suburban'’ church problem is recognized

as a peculiar type. But when it is approached

from the standpoint of community service it does

not possess the hopelessness which seems to envelop

the church of conventional type. It is possible

to develop a community spirit in a suburban situa-

tion which cannot be accomplished in a section of

a large city. Hence a church which intelligently

seeks to serve its community wiU get a response

that will be gratifying. The nearness of the city

demands that special attention in many cases be

given to the problem of recreation and amusement.
The near-by city makes it possible to bring fine

talent for aesthetic development to the suburb.

Lecturers on civic topics are readily obtainable.

Indeed, the leaders in the city often live in the

suburbs. Opportunities for social service are

abimdant in the city so easily reached by conven-

ient transportation. The problem of the suburban
church is not insoluble. There are presented below
the plans of buildings in two suburbs of Chicago

which will prove suggestive and in many cases

revolutionary.

6i
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OAE PARK CONGREGATIONAL CHURCH

Figs. IS and i6

This plan will illustrate two things : the response

of this church to the Oak Park suburban situation
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and also the possibiKties of remodeling an old build-

ing. The ground-floor plan shows the assembly

room of the school for the Intermediate, Senior, and

Adult classes. Each group of five classrooms is

separable from the main assembly room by heavy

curtains. This makes possible, for example, a

Boys’ and a Girls’ department. The adult classes

adjourn to the dining-room and parlor of the

Fig. 16.—^First Congregational Church-House, Oak Park, 111 .

^^Church-House,” as they caU their newly con-

structed addition to their main building. The

dining-room may be divided by rolling partitions

when necessary into four or six classrooms. The
second floor provides a generous-sized pastor’s

study which is also used as a popular adult class-

room. The Primary Department has a large,

:heery room, and the Junior or Elementary
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Department has a general assembly and adjacent

classrooms. Contrary to general usage, the entire

third floor is planned as a play g3nnnasium. At

present it is unfinished, but is available for this

purpose or for additional classrooms whenever

needed. There is a large clubroom in the base-

ment, the plan of which is not shown here. A
large gymnasium under very competent manage-

ment is open to the young people of the church in

a near-by high-school building, hence that feature

is not at present developed in the church. It will

be seen that the ^Xhurch-House’^ lends itself

admirably to social life, for the young people and

for the entire parish. This plan will repay careful

study, especially of its provisions for social life.

WINNETKA (ill.) CONGREGATIONAL CHURCH

One of the most complete plants for a sub-

urban church in the United States is that of the

Winnetka Congregational Church (Figs. 4, 17,

and 18). Ideally situated in natural woods, with

grounds skilfully handled by the landscape gar-

dener, the approach is all that could be desired.

Winnetka is a suburb 17 noiles from Chicago and

has a population of about four thousand people. A
few years ago the church was only a small wooden

structure, unattractive in character. Under the

skilled direction of a man with a vision, a stone

church was constructed which everyone thought
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would be adequate for a generation. The splendid

graded school within two years overcrowded the

new building and for a time was compelled to meet

in two separate sessions. The people of Winnetka

were pleased with the work of the church and

responded generously to a second appeal, giving

over a hundred thousand dollars in all for the

church and ^‘Community House."’ (The plans of

the Community House only are shown here, Figs.

17 and 18.) Part of the work of the church school

is done in the other portion of the church building,

which is not shown here.

An excellent room is available on the ground

floor (Fig. 17) for the Primary Department. A
modern kitchen supplies convenient service to any

portion of the first floor. Fully appointed club-

rooms are open for men all day and evening. The

large gymnasium with high ceiling affords an ideal

floor which is busy morning and afternoon all the

week, with classes for men, women, boys, girls,

and young people. A stage gives opportunity for

amateur entertainments. This room is used two

or three times a week for motion pictures. The

seating capacity of seven hundred is frequently

taxed by the people of Winnetka. Only the high-

est grade of films, locally censored, is ever allowed.

So successful is this feature of the work of Com-

munity House that no commercial motion-picture

theater has located in Winnetka. Community
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House is a real center for the people of this little

suburban city.

The second-floor plan (Fig. i8) shows ten club-

rooms which are occupied week-day afternoons

Fig. 17.—-Winnetka (lU.) Community House. First Floor

and evenings by the boys and young men, and on

scheduled occasions by the girls and young women.

These rooms are used for class work on Sunday.
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The basement plan, not shown here, has ample

facilities for private shower baths and locker-room

and additional play space that some day may be

Pig. 18.—^Winnetka (IK.) Community House. Second Floor

used as bowling alleys. In the height of the winter

season the weekly attendance at this busy com-

munity center exceeds two thousand. Here is a

church which believes in serving every need of the
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community. Its buildings have become a center

of local activity. The two ministers are busy men
in the large service that they are rendering. The

story of Winnetka Church is an inspiration to

anyone who learns of its high degree of efficiency

and its extended service in manifold ways to the

entire community.



CHAPTER X

THE CITY SUNDAY-SCHOOL BUILDING

More large graded Sunday schools will be found

in our cities, and the requirements will call gener-

ally for larger and more complicated buildings.

In this chapter plans will be shown that seek

primarily efficiency for Sunday-school instruction.

In the next chapter plans of buildings will be

shown which also include facilities for community
service. Probably no one building plan will be

found suitable to the needs of any given com-

munity. These plans reflect the efforts of building

committees and architects to meet the peculiar

needs of special communities. Their value to the

reader lies in their suggestiveness. The ideal

building in any community involves consultation

with skilled architects. The individual needs will

find expression in architectural forms, perhaps

allied to some one of these plans, or possibly

initiating a partially new type. The ten plans

offered in these two chapters represent the

very latest efforts of the best architects of

this country. The careful study of these plans

cannot fail to bring suggestions to the building

committee.

69
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SOUTH BEND (iNDIANA) METHODIST CHURCH

The plan of the South Bend Methodist Church

(Figs. 19 and 20) has some suggestions for those

who wish to have an auxiliary auditorium for the

Sunday school, rather than to use the church

auditorium. Note the effective separation of the

Beginners and Primary departments from the

main Sunday-school room. Provision is afforded

for sex separation in both the Junior and the Inter-

mediate departments. This school is planned for

a worship assembly of all from the Junior age up-

ward, Primary and Beginners departments meet-

ing separately. The basement plan, not shown

here, includes a large room for dining and enter-

tainment purposes.

SOME KRAMER PLANS

Mr. George W. Kramer, of New York City, has

perhaps planned more churches and Sunday-

school buildings than any other living architect.

His latest work is therefore worthy of careful con-

sideration. Mr, Kramer has always been an

enthusiastic supporter of the Akron plan and did

much to develop it during the years of the Inter-

national Uniform Lesson ascendance. He also

shows in all of his work the thought of ^^together-

ness” referred to in the paragraph on the Akron

plan. By the courtesy of this busy man we are
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enabled to examine three of his latest plans, in all

of which he had in mind the graded-lesson system.

G. W. Kramer^ AfcUtect, New York

Fig. 21.—^Norfolk (Va.) Christian Church. First Floor

Plan “A” (Figs. 21, 22) is a complete Sunday-

school building for the First Christian Church,

Norfolk, Virginia, planned for 800 to 1,000 pupils.
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The grade notations do not follow the Inter-

national plan, which does not give a grade number
to the Beginners. The departments are well

Fig. 22.—Norfolk (Va.) Christian Church. Mezzanine Floor

segregated, and provision is made for general

assembly in what is now the auditorium of the

church. Note the sex segregation in the Senior
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Department classrooms which are installed under

a deep balcony. Additional classrooms are pro-

vided adjacent to the Primary Department which

is on the second floor. The third-floor plan, not

printed herewith, shows the deep gallery and two

large rooms for classes or social life.

Plan (Figs. 23, 24, 25) was made by

Mr, Kramer for the Methodist Episcopal Church

South, of Conway, Arkansas, and is regarded by

him as “one of the best t3^es of arrangement

for departmental schools.’’ The plan combines

all in two groups for worship, segregates the

Beginners Department, arranges for assembly of

Junior and Primary departments if desired, and

provides for separation of both grades and sexes

in the Intermediate and Senior departments. The

diagonal lines between departments indicate sound-

proof movable doors. The whole school can be

thrown together into two sections in a moment

by raising these doors. The Akron plan is used

to provide classrooms in some of the departments.

In this plan entrance to all the classrooms is

from an outer passage which is also an insulation

against outer noises and heat but at the same

time provides ample light and ventilation. Note

in all of Mr. Kramer’s plans the adequate

provision he makes for easy passage from

department to' department, and for convenient

exits.
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Plan (Figs. 26, 27, 28) is the Jefferson

Street Church of Christ, Buffalo, New York.

The basement of this church provides large rooms

Fig. 23.—Plan First Floor

for the Beginners and Primary departments en

suite, but separable when desired by rolhng par-

titions. A gymnasium with separate locker-rooms

VtSTlBUl-d
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for boys, men, and girls occupies a large portion

of the space in this high, well-lighted basement.

The parlors are available for classroom purposes.

The main floor provides separate classrooms and

department rooms for Intermediate and Senior

boys and girls. The Junior boys and girls occupy

the floor space in the center, not an ideal arrange-

ment for this important department. The second
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floor provides excellent classrooms for organized

classes. This plan will be attractive to those who

wish to gather the entire school above the Primary

Department into one worship session.

Fig. 25.—Plan Third Floor

SAN DIEGO (California) baptist church

This new church (Figs. 29, 30, 31), recently

completed at a cost of about one hundred thou-

sand dollars, presents some helpful suggestions.

Fig. 29 shows the basement floor, well lighted. The
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G. W. Kramer j Architect, New York

Fig. 26.—^Jefferson Street (Buffalo, N.Y.) Church of Christ
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G.W. Kramer, Architect, nrew York City

Fig. 28.—Jefferson Street (Buffalo, N.Y.) Cliurcli of Clirist
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Beginners and Primary departments have large

separate rooms which may be united by opening

rolling partitions between. A near-by toilet is

convenient to this department. Across a wide

hall, that acts as an effective barrier to noise, is a

roomy Junior Department. This is broken up

into classrooms by large, heavy, movable, partition

screens, planned with a broad footing especially

for this purpose. The social hall and dining-room

is planned for all social occasions. A fireproof

motion-picture equipment is built into this room.

A special feature, worthy of praise, is the ^Heachers^

meeting-hall,” adjacent to the kitchen. The

supper hour is proving to be an excellent time

for the teachers’ meeting. On the main floor is

the auditorium and the Intermediate and Senior

departments. The latter is provided with class-

rooms, both on the main floor and in the balcony.

In addition there are several large rooms for

organized classes and social life. The building

is one of the best of the t3^e that requires a com-

bination auditorium for church and Sunday school.

The next chapter will present other plans for

city churches in which special provision is made
for commimity service.



CHAPTER XI

THE CITY SUNDAY-SCHOOL BUILDING, WITH
SPECIAL REFERENCE TO COMMUNITY

SERVICE

The object of the Sunday school is to aid the

pupils to achieve a Christlike character which will

relate itself to the well-being of the race. The
modern city has multiplied the influences against

the highest type of character to such a degree that

the church must broaden her efforts to save boys

and girls to the higher life. It is not sufflcient

to plant the Christ ideal at the psychological

moment; it is necessary also to supply as far as

possible the wholesome environment in which the

Christ ideal may develop to its full normal maturity

in a strong life characterized by self-control and

achievement of the highest and the best the race

knows. It is not enough to have an hour’s ses-

sion Sunday mornings, no matter how efficiently

the instruction is given. The challenge that

comes to our city Sunday schools today is a far

larger one. Wherever there is a lack in the environ-

ment of our youth it is the opportunity and duty

of the agencies of religious education to see that the

need is met. The leisure hours of boys and girls

are most proliflc for good or evil. Voluntary

86
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interests have largest play in these hours. The

church which seeks to direct the leisure time of her

youth is in line with the best thought for character

development. The more the youth’s interests

are centered in the church building, the more cer-

tainly may the youth be won for Christ and for

life’s highest ideals. The plans which follow

emphasize in a special degree the conception of a

church building put to the largest use in the great

task of developing a kingdom of righteousness

among our yoimg people.

CANADIAN COMMISSION PLAN

The plans for this building (Figs. 32, 33, 34, 35)

are for a school of a membership of two to five

hundred pupils, exclusive of adults. The audi-

torium of the church may be used for the worship

of Intermediate, Senior, and Adult departments.

Adult classes will remain in the auditorium for the

study hour while the Intermediate and Senior

classes retire to second-floor classrooms adjacent

to the church gallery. In both of these depart-

ments separate rooms are provided for girls and

boys. Within each of these rooms provision is

made for separation into class groups by means

of rolling partitions. The inner classrooms have

overhead light and ventilation. Yoimg men and

young women have excellent rooms provided for

their class sessions and other activities. The
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Sharp 6* Brown, Architects, Toronto, Canada

Fig. 35;—Canadian Coimnission Plan. Second Floor
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ground-floor plan (Fig. 34) shows ample provision

for Beginners and Primary departments, which may
be thrown together on occasion. Separate class-

rooms also are planned by means of curtains or

rolling partitions. Across a corridor, which effect-

ively breaks disturbance by sound, is a Junior

Department. Separate assembly is possible, and

usually is desirable. There is also easy access to

the auditorium of the church. Each grade can be

segregated for instruction by rolling partitions.

Note the excellent provision for wraps on both

floors, also the lavatories for both Primary and

Junior children. The basement-floor plan (Fig. 33)

shows a good assembly hall and gymnasium, 50X72
feet in size, with a i s-foot ceiling. Separate rooms

are provided for club life for boys, men, and girls.

Separate locker-rooms adjoin each of these club-

rooms. A bowling alley and swimming tank com-

plete the equipment of this well-planned floor for

commimity service.

ROCHESTER (nEW YORK) BRICK CHURCH INSTITUTE

Figs. 36, 37, and 38 reproduce the floor plans of

a building adapted to a specialized form of com-

munity service which is greatly to be commended.

The plans, as a whole, are those of a high-grade

city Y.M.C.A. building. The basement (Fig. 36)

contains a standard gymnasium, four bowling

alleys, showers and plunge with lockers for men,
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Fig. 37.—-Bricfc Church Institute, Rochester, N.Y. First Floor



Courtesy of Rev. Herbert W. Ga^es

Fig. 38.—Brick Church Institute, Rochester, N.Y. Second Floor
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and separate playroom with lockers for boys.

The first floor (Fig. 37) has a generous lobby,

parlor, dining-room, and kitchen. These latter

facilities are quite effective in work for young men.

The second floor provides for the varied interests

of work with and for young men and boys. The
plan (Fig. 38) will explain itself. The entire third

floor, not shown here, is a dormitory providing

numerous bedrooms for yoimg men. The adapta-

bility of this building to the religious education

of boys and young men will be apparent without

detailed description. Assembly rooms and class-

rooms are available for every need. Most of the

Sunday school of this church is cared for in the

church building adjacent. This plan is shown to

illustrate a form of specialized community service

of the highest value. Let any church ask itself

whether the young men of the city need a home

and a club under church influences.

THE CLEVELAND PLAN

A plan has been prepared by a firm of Cleveland

architects which has many excellent features. We
regret that suitable arrangements could not be made
to exhibit it in this book. It will be described,

however, and anyone with a good imagination can

reproduce the plan with pencil and paper. The
building is rectangular and provides one audito-

rium for Sxmday-school and church worship on the
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ground floor. Provision is made for departments

and classrooms at the rear of the pulpit platform.

The Junior Department is on the ground floor

and is divisible into eight classrooms by accordion

doors. Each classroom has a separate entrance

to the wide corridor. The auditorium-balcony

plan provides for two departmental rooms for

Senior and Adult classes, each of which may be

divided into four classrooms with separate hall

entrances. Two larger classrooms adjacent to the

balcony of the church auditorium are provided.

The basement has both a floor and a balcony plan.

The floor plan shows a gymnasium and entertain-

ment hall, with Beginners and Primary depart-

ments opening from either side by accordion doors.

At one end of the gymnasium is a platform and at

the other are showers and lockers situated under a

roomy balcony. A full-sized bowling alley, with

seats for spectators, occupies the space under the

tier of classrooms described above. The basement-

balcony plan provides for an Intermediate Depart-

ment above the bowling alley, separable into eight

classrooms, each of which opens into a long corridor.

The method of providing departmental rooms

separable into classrooms by accordion doors has

been in use for several years. The Long Beach

(California) Methodist Episcopal Church, of which

Norman F. Marsh, of Los Angeles, is the archi-

tect, plans its Junior Department in precisely this
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manner. The use of accordion doors for the separa-

tion of classes cannot, however, be regarded as

ideal, as our earlier discussion has pointed out.

The ideal plan should show a larger number of

plastered classrooms. This could be accomplished,

with slight change in this plan, by making half

of all classroom partitions permanent. Depart-

mental assembly is secondary to classroom effi-

ciency. Many would object to the placing of

the Beginners and Primary departments in the

basement, but this is a detail of arrangement easily

changed by shifting adult or young people’s classes

to the less desirable rooms. The type of plan

described above in which the church auditorium is

used for Sunday-school worship is sure to be used

largely in coming years. This will be illustrated

in the next section by the plan which is, to the

present time, nearest the ideal.

THE CEDAR RAPIDS PLAN

Several years ago St. Paul’s Methodist Epis-

copal Church, Cedar Rapids, Iowa, facing the

necessity of a new building, made a special in-

vestigation of church buildings available at that

time, and conducted a wide correspondence with

Sunday-school experts and architects. Many
architects were in^dted to participate in the

competition. Much detailed information obtained

from many sources was sent to each contestant.
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The competition was won by Mr. Louis H. Sulli-

van, of Chicago, one of America’s leading archi-

tects. The building was not constructed by Mr.

SulKvan, but the floor plans, substantially as pre-

pared by him, were used by the church, the

exterior being changed.

This plan (Figs. 39, 40, 41) is presented last

because it is regarded by many, including the

author, as probably the most significant contri-

bution to the architecture of the modern Sunday

school made to the present time. It is worthy of

the most careful study by any prospective church

builders. It was born of a desire to make more

adequate provision for the ages when youths most

rapidly leave the church. With the exception of

the Beginners and the Primary and perhaps the

Junior departments, worship for all is planned in

the church auditorium. Separate plastered class-

rooms are provided for every class in the school

except in the Junior Department, where removable

partitions are used. The classrooms correspond

to the ideal outlined in chap. vi. Unusually wide

corridors provide for social life, and for the delay

which may occur when the Sunday-school and

church services approach one another. A beau-

tiful chapel provides for devotional meetings

and for departmental assembly. An assembly

room with stage, in the basement, is available for

entertainments. A g3annasium, with gallery for
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seventy-five spectators, provides for the play life

of the youth. This plan promises to influence

future Sunday-school construction in a marked

degree. Its enthusiastic supporters call it the

“Cedar Rapids plan,” and predict that it will

have the vogue in the next quarter-century which

the Akron plan has enjoyed in the last twenty-five

years.



CHAPTER XII

REMODELING OLD CHURCH BUILDINGS

It frequently occurs in the history of a growing

church that the Sunday school crowds its quarters.

In some cases, especially in country and village

churches, the building is little more than one large

bare room. The building may be substantial in

construction or the congregation may be unable to

rebuild to satisfy the modern demands. What
can be done? Obviously each problem of this

type is individual, not permitting of a general

answer. However, certain suggestions can be

made which will help in making over the old struc-

ture into something more modern. The study of

the best plans, such as have appeared in this

book, will indicate the type of building which is

desirable. The competent church architect will

be able to accomplish much more than perhaps

seems possible. Does the old church have a high

and dry basement? This may provide a quiet

room for the Beginners and Primary departments

by means of plastered partition walls, while six to

a dozen classes may have good rooms by means
of the temporary curtains on wires or brass rods, or

the more permanent rolling partition (see Fig. 42).

Where sufficient money is available for an addition

104
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it is usually advisable to use the funds for the

Sunday-school quarters, for the modern demands

are relatively so complicated that it would be better

to build a new Sunday-school building than to at-

tempt to alter an old churchbuilding into Sunday-

school quarters. There is often a lack of light

Fig. 42

in the old church building which will require

window alterations. Usually more can be accom-

plished by building the Sunday-school portion new.

When this is the case, ideas and suggestions will

come from the late plans offered herewith. For

instance, note how effectively a modern building
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can be realized by adopting the Cedar Rapids plan,

using the old auditorium for worship and adding

classroom facilities.

The same principle can be adopted in a modi-

fied form in the smallest church. The writer

recently saw in California a church alteration

costing about a thousand dollars which had trans-

formed the Sunday school from a one-room organi-

zation to a three-department school with three

additional classrooms. This was accomplished by

the simple expedient of an addition at the rear

of the church, which provided separate rooms

for the Primary and Junior departments, and

the classrooms mentioned. The membership of

the school was about a hundred, and graded work

was being used in part. In a large city school,

where the problem of classrooms had become acute,

a neighboring flat building was rented; unex-

pectedly efficient quarters for about twenty-five

separate classrooms were thus added. A covered

sidewalk to the church made the building a con-

stituent part of the Sunday-school plant.

It need never be considered impossible to

improve greatly, an old building. Even in the case

of the single-room country church with no base-

ment, it is possible by means of curtains to add

greatly to the efficiency of the school; while one

rolling partition will give a Primary Department

which will enable the teachers to do infinitely
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better work. The cost of curtaining off a half-

dozen classes and putting a rolling partition or

folding doors across a small building for the Primary

Department need not exceed $100. This method

will leave the building intact for other purposes.

A way can be found when the need is realized.

Two proposed alterations of a more ambitious

character may be described in which efficient use

was made of the present buildings and at the same

time modern equipment was provided for the

Sunday school. In each case a large saving over

new construction was effected. In the first

plan the old building consisted of an auditorium

with a Sunday-school room in the rear. The old

Sunday-school room was used largely for the Junior

Department, and ^ portion of it for Senior classes.

The new construction was two stories—^first floor

and basement. On the first floor were provided

parlors, dining-room, and kitchen, which were also

used as classrooms. The Primary and Kindergar-

ten departments were provided with adequate

rooms, while the Intermediate Department had

excellent quarters with six good classrooms. On
the basement floor was planned a 40X40 foot

gymnasium, swimming pool and lockers, bowling

alleys and clubroom. What a transformation from

a two-room, old-style church!

In the second plan a substantial one-room

church with a basement Sunday-school room was
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transformed by the erection of a two-story and

basement addition. The basement plan provided

for a dining-room and entertainment room, check-

and locker-rooms, and a 30X 50-foot gymnasium in

the new part. The first floor provided for Kinder-

garten and Primary departments and parlor, all

three capable of being thrown together for social

purposes. The Junior Department had an excel-

lent assembly-room and four classrooms. The

second floor provided nine classrooms and club-

rooms. A delighted people will move into their new

church, for such it will be with these admirable

additions to its equipment. Consultation with a

competent church architect will often reveal possi-

bilities of improvement not realized by the layman.



CHAPTER XIII

SUGGESTIONS FOR THE BUILDING COMMITTEE

To the building committee of a church is

assigned a most difficult and responsible task.

The average church does not construct more than

one building in a generation. It is of the utmost

importance that mistakes should be avoided and

that the new building should be responsive to

future needs.

The building committee should enter upon its

task first as a commission to study the needs,

present and future, of the church. This task calls

for broadmindedness. The church of the future

will be called upon to serve in other ways than the

church of the past. The committee should cer-

tainly include in its membership some of the

younger generation. The question of the amount

of the contribution should not be the basis for

choice of building-committee members.

The Sunday school is destined to be of increas-

ing importance in the work of the church. The
activity of the church in religious education has

resulted in the past in three-fourths of the increase

in church membership. There is no reason to

believe that the coming generation will show a

smaller proportion for this division of the churches
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work. But in addition to this appeal to the desire

for self-perpetuation is the challenge to meet more

adequately the community needs for religious and

moral education. Our churches through their

schools must do more of this necessary work and

must do it better in the future. The all-pervasive

principle of efficiency demands this larger result.

The wise building committee, whether the church

is large or small, will give special thought to

generous and adequate provision for the Sunday

school.

Community service is a new note in our church

life which will receive large attention in the coming

generation. An earlier chapter (chap, vii) has

enlarged upon this theme. The building com-

mittee will consider with the utmost seriousness

what facilities shall be provided for this field of

church activity. Community service keeps the

church plant busy more hours every week and

relates the church more vitally to the physical,

social, educational, and recreational needs of the

community.

One of the first and most important steps for

the committee to consider is the choice of the

architect. The wisdom of the committee in this

matter will determine largely the success or failure

of the building to be constructed. Shall he be a

local man ? Shall he be selected by competition ?

Or shall he be a church specialist, widely informed,
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exceptionally competent to help in the problem

of the committee? The obvious answer is, The

architect should be a church specialist, a man with

wide experience in building churches, alert to the

modern needs. He should not be selected by com-

petition; such a method is unsatisfactory and the

best men, except in unusual cases, refuse to enter

competitions. The church specialist may be a

local architect, but there are not many competent

men of this type and they are not to be found in

every community.

The architect having been selected, he should

be treated with the same confidence which the

medical specialist or expert lawyer receives. The
committee should tell him what it considers its

present and future needs, but should be open to his

suggestions. He is in close touch with the best

that is being done in the country. The committee

may well feel free to express to him any prefer-

ences in ideals and plans which have come to it in

its study.

It is refreshing to learn occasionally of a church

building committee that seeks honestly and sym-

pathetically to learn the real needs of the Sunday
school, and which recognizes that the future church

will be recruited largely from that organization.

Building a modern Sunday-school and church

building is one of the most complicated tasks

the architect is called upon to undertake, for
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the transition situation in the Sunday-school world

makes difficult the satisfaction of everyneed, present

and future. Many a building constructed within

the last four or five years fails to show a suggestion

of attempted response to the needs of the modern

graded Sunday school. And in many cases the

failure lies at the feet of the church building com-

mittee, which did not include in its membership

representatives of the Sunday school. Despite

the radical demands of the new Sunday-school

building, every department of church activity can

have facilities for its work as good as, or better than,

in the older type of building.

Perhaps one of the chief matters of adjustment

will be the favorite plan of using the Sunday-school

quarters for an extension of the normal audience

room. This plan will not be popular in the future.

Careful study of many cases has shown that the

added seating capacity is rarely used, hence there

is no valid reason in those cases that Sunday-school

facilities should be sacrificed to the desire for an

enlarged auditorium two or three times a year. It

is questionable whether a thoroughly effective

modern Sunday-school building can be constructed,

at the same time making the space available for

added seating capacity for the church auditorium.

A new church costing $100,000 recently exam-

ined by the author is not less than 40 per cent

inefficient for Sunday-school purposes because
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the minister insisted on using the Sxmday-school

room to make an additional capacity of four

hundred for his audience room. Another church,

costing over $150,000, advertised as the most

modern church in its section, has extended the

steep church auditorium gallery about the Sunday-

school room and used pews of the same style in the

Sunday school as in the church proper. And
the Sunday school burdened itself through a period

of years to pay thousands of dollars toward this

building! Whenever a church gains the vision

of efficiency in religious education and provision for

the leisure hours of its youth, there will be no

difficulty in constructing a Sunday-school building

which will respond to the new ideal.

MEETING THE NEEDS OF OTHER CHURCH
ORGANIZATIONS

An examination of the plans and descriptions

preceding will show that while the Sunday school

often has been apparently the primary thought,

yet other church needs have been amply cared for.

What better use can be made of the church parlor,

for example, than to make of it a cheerful Primary

and Beginners^ room for the children? The gym-

nasium and entertainment room will be found

available for the occasional dinners of other

church organizations. The secondary auditorium

or one of the departmental rooms will serve
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admirably as a chapel. Classrooms respond to the

needs of committee meetings. Every club will

have ample quarters in the classrooms. The

possible clash between Sunday school and morning

worship, when the same auditorium is used, can

be avoided by Sunday-school worship being held

at the beginning of the Sunday-school hour with

dismissal from the classes and no return to the

church auditorium. Dismissal of the Sunday-

school groups directly from their classes without

closing exercises is a proved success and gives to

the individual teacher the opportunity for the last

impression. Five to seven minutes of lost time

for reassembly is also saved to the lesson.

GENERAL SUGGESTIONS

The basement of the church building is not the

ideal place for the Sunday school. If its use can

possibly be avoided, efforts should be made to

do so. A ground floor with full-size windows is

very desirable. This will enable little children

to enter their departments with few or no steps. If

a basement must be utilized, let the men^s class-

rooms be put there. What true father would

consign his children to the basement while he and

the mother chose the sunny, cheerful rooms for

themselves! Absurd as it may seem, one of the

otherwise good plans for a new building, which has

recently been constructed, shows precisely that
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situation—down the dark stairs for the little

children, and a very large east and south room on

the ground floor for the ^^men’s class^M

It is better to use leaded, clear glass in Sunday-

school classrooms than deep-colored glass. Keep

the rooms bright and cheerful. The competent

architect will provide good ventilation and light

for every room in which people are asked to remain

for any length of time. There are technical stand-

ards in these respects which should be observed.

Care should be taken that halls are ample and

well lighted, that stairs should have an easy tread,

and should in no case be of a winding character

with narrower footboards at one side than the

other. Handrails are desirable in some cases, with

a second rail for small children. An adequate

sanitary drinking-water supply should be provided.

Convenient^ cloakrooms adjacent to each depart-

ment are desirable in which umbrella drips should

be installed. All departments and classrooms

should be reached from halls and not through

other rooms. Main entrances to rooms where

worship is planned should be from the rear.

Provision against panic from fire should be

made. At least two staircases built of fireproof

material should be available from upper floors.

It is not too much to require either fireproof

stairs or fire escapes on all Sunday-school buildings

of three stories or over.
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Toilets should be conveniently located on main

hallSj not in dark basement corners. Those for

the two sexes should not be located adjacent to

each other or on the same hall.

Frescoings should be restful in character. The

good colors do not cost more than those which are

objectionable. Red and blue will, of course, be

avoided. Soft tones of brown and green are most

desirable. It is better to trust the architect and

decorator in this matter than to take a vote of

the committee.
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Carbureted Gasoline as Fuel.—^The higher calorific value of

gasoline varies from 19,000 to 21,000 B.T’.U. per pound, and at

the combustion of each pound of fuel there is formed, on an

average, 1.4 pound of water which absorbs about 1,500 heat-units

for its vaporization into dry steam.

The lower calorific value is, therefore, using a rather conserva-

tive figure, 18,500 B.T.U. per pound.

The volume of one pound of gasoline vapor is, at the atmos-

pheric pressure and 62° F.,* 4.2 cubic feet, and according to

analysis there is required for its complete combustion 15 pounds,

or 198 cubic feet of air per pound of the fuel.

For complete combustion in the gas-engine cylinder some

'margin of excess air, above what the analysis calls for, is required,

and if this margin be made 15 per cent, excess there would be re-

quired, practically, 15 -H 2.25 = 17.25 pounds. The total

weight of the mixture from one poimd of fuel becomes, thus, 18.25

pounds.

From Table VIII of pressures of saturation of gasoline, page

106, it will appear that at the temperature of 86° F., its pressure is

251 mercury. The pressure of the atmosphere is, on an aver-

age, approximately, three times this pressure, but, on the other hand,

the weight of the gasoline vapor is approximately three times as

heavy as the air, and, hence, at the temperature of 86° F., a

saturated mixture of air and gasoline contains equal weights of

air and gas. Such a mixtvire is too rich in fuel to be explosive,

but if the air is charged with less than one-quarter of the fuel

required for saturation, and until it contains only a small per-

centage of fuel, it will be explosive. That a saturated mixture

of air and fuel is non-explosive is illustrated by the experiment,

which can be made, with due precaution, of striking fire to a

* Assuming the gasoline to be of a composition corresponding to the formula

CeHi*, then, according to equation 95, page loi, the density of the gas becomes

S6
-r —

,
approximately, three times that of air. Its volume per pound, there-

2o. 00

fore, *=4.36 cubic feet at 62® F. For average gasoline fuels the figure 4.

2

3
will answer, corresponding to a molecular weight of S9, Compare with experi-

ments made by A. H. Gill and H. R. Healey, Technology Quarterly, 1902, VoL
XV, page 74.
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match in a vessel containing gasoline in which the air is fully

saturated with gas. Under these conditions the fuel-mixture will

not burn, whereas if the match be lighted several feet away from

the vessel containing the fuel, where the air may be charged with

only a small suitable quantity of fuel, an explosion will result.

On account of the high vapor-pressure of the fuel, and since a

very small quantity of fuel is required, an explosive mixture is

very readily formed, under all atmospheric conditions, if a current

of air be passed over the surface of the fuel-liquid.

The effect of the vaporization of gasoline in the carbureter is

to lower the temperature of the air-and-gas mixture and thereby

to increase the density with which it enters the cylinder. This

factor can readily be taken account of in the computation for the

heating-value per unit volume of the charge.

The latent heat of gasoline is, approximately, i8o B.T.U.,

and there are 18.25 pounds of mixture that must supply, in the

main, the heat demanded for the vaporization of each pound of

fuel. Hence, each pound of the mixture must supply approxi-

mately 10 heat-units, and in doing this its temperature will be

reduced approximately 40 degrees Fahrenheit; the specific heat

of the air and vapor mixture being 0.25. Evidence of the material

lowering of the temperature of the charge is found in che frost

often forming on the carbureter.

In the general estimate for the temperature of the final charge

after completed suction-stroke, it was assumed that the gas and

air arrived to the engine at a temperature of 62® F. In the case

of gasoline this figure must be reduced to approximately 62 —

40 = 22® F., in order to obtain the average temperature at which

the carbureted gasoline-mixture is supplied.

The temperature of the final gasoline-charge after completed

suction-stroke,- computed as before, but starting from the tem-

perature 22° F., instead of 62° F., will be about 86° F. The ratio,

therefore, between the specific volume of the final charge after

completed suction-stroke and its specific volume at standard

temperature and pressure will be

Z2 =.:£2. Is = illZ 546

Vo Pa To 13.2’ 522
^
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The drop in pressure during the admission to the cylinder

being allowed, as before, iK pound.

The temperature-changes to which the charge is subjected

during its admission to the cylinder will be explained by the

following schedule;

The gasoline and air arrive to the carbureter at the tempera-

ture 62® F. The temperature of the mixture after carburation =
62 — 40 == 22° F.; after expansion at entering the cylinder =
22 — 16 = 6° F.; after being heated by the cylinder — 6 -f 46 =
52° F.; final charge after mingling with the neutrals = 86° F.

The estimate of the heating-value per cubic feet of suitable

mixture will appear as follows:

a == 47.14 cubic feet.

7.07 cubic feet.

The volume of air required by analysis

per cubic foot of gasoline vapor .

Add 15 per cent excess air ... .

Total volume of air to be supplied per

cubic foot of gasoline vapor . . . xa = 54.21 cubic feet.

The volume of the expanded normal charge containing one cubic

foot of gasoline vapor

V
(xa 1) = 1. 15 X 55.21 == 63.49 cubic feet.

Heating-value per cubic foot of gasoline vapor

18,500

4.2
== 4,400 B.T.U.

Heating-value-per cubic foot of the expanded normal charge

H 4,400 - 69.3 B.T.U.

The minimum suction-displacement necessary per I.H.P.,

per minute, assuming the compression ratio to be 4, and hence

the expected efficiency not less than 0.24.

42.42 42.42
Dt = H

(x a + 1)

0.24 X 69.3’

. Di = 2.55 cubic feet per minute.
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The required suction-displacement per rated I.H.P. per

minute, allowing 15 per cent, minimum overload capacity,

i>2 I-IS
42.42

Efy
H

42.42

0.24 -f 69.3

Is
Vo

(xa + i)

2.93 cubic

feet per

minute.

The required suction-displacement per rated B .H.P., assum-

ing the mechanical efficiency to be 0.85.

D
, = 1.35

42.42

0.24 X 69.3
= 3.44 cubic feet per minute.

The capacity of a gasoline-engine of given dimensions will be

in B.H.P.

laN laN
B.H.P. =

3.44X3,456 11,900
,
approximately.

I being the length of stroke in square inches, a the area of the

piston in square inches, and N the number of revolutions per

minute.

The mean effective pressure on which the required suction-

volume is based will be found, in Table XI, to approximate 90
pounds per square inch.

The same result is approximated by the formula,

m.e.p. = 5.4 X 0.24 X 69.3 = 89.81.

Kerosene.—Kerosene, like gasoline, is a fuel obtained at the

distillation of crude mineral oil. It is a heavier oil than gasoline;

its specific gravity varying from 0.79 to 0.82, or from 47° to 41°'

Baum^ at 62° F.

The composition of kerosene is quite closely represented by
the formula Ci„ JS22, the carbon and hydrogen percentages of

which are:

Carbon o . 845

Hydrogen 0.155

1 .000
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Average samples of the commercial fuel-oil often analyze,

approximately,

Carbon o . 845

Hydrogen 0.139

Nitrogen and Oxygen 0.016

1 .000

and they give at calorimeter tests a calorific value of 20,000 to

23,000 B.T.U. per pound.

The distillates from petroleum possess two properties that

vary with their specific gravities, and which determine, largely,

the arrangements by which they can be used as motor fuels.

These are, the flashing-point and the fire-test or burning-point.

The former is its volatility or the temperature at which the fuel

gives off, when slowly heated, an ignitible vapor, and the latter is

the lowest temperature at which the fuel can continue to burn.

The flashing-point of kerosene is at 115° F., or thereabout and

the fire-test is at approximately 140® F.

Kerosene, being less readily vaporized and having a fire-test

much higher than gasoline, is a safer fuel in respect to fire-risk

than gasoline, but at the same time it is somewhat less suitable

for use in the gas-engine, because it requires to be heated in order

to become vaporized at atmospheric pressure. It is evident that

good combustion in the cylinder can be obtained only when the

fuel is thoroughly vaporized at the time explosion takes place. It

has been found that if the charge, at its final mixture with air or

at the admission to the cylinder, becomes cooled to a temperature

essentially below the flashing-point of the fuel, then the best

results will not be realized at the combustion.

If the lowest temperature of the charge, allowable at its

admission, be assumed to be 80® F., the temperature of the final

charge at completed suction-stroke becomes approximately

160® F., and thus, at a drop in pressure of i pound, the volume

of the final charge becomes

14 - 7 .

13.2 522 ‘
1-3 K

To obtain this result the fuel is often heated at its carburation

9
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to a temperature of from 300° to 600° F., depending on the amount

of air used at the carburation and on the temperature of the air

later admixed at the engine.

Carbureted Kerosene Fuel.—At the combustion of kerosene

there is formed 1.4 pound of water per pound of fuel, which ab-

sorbs for its vaporization 1,500 heat-units from the heat of

combustion. Hence, counting the higher calorific value of the

fuel as 20,000 B.T.U., the lower value becomes 18,500 B .T.U.

One pound of kerosene-vapor occupies at atmospheric pressure

and at 62° F., a volume of approximately * 2.5 cubic feet, and

there will be required for its combustion 190 cubic feet of air.

The estimate of the heating-value of a suitable mixture, per

cubic foot, will therefore appear as follows:

The volume of air required by analysis,

per cubic foot of kerosene vapor . . a = 76 cubic feet.

Add 15 per cent excess air ... . n -4 cubic feet.

Total volume of air to be supplied, per

cubic foot of vapor flra = 87-4 cubic feet.

The volume of the expanded normal charge containing one cubic

foot of vapor

^ (xa -
1
- i) = 1-3 X 88.4 = 114.9 cubic feet.

' 0

Heating-value of kerosene per cubic foot of vapor

H = = 7,400 B.T.U.
2-5

Heating-value per cubic foot of the expanded normal charge

H
{xa + i)

7400

114-9
64.4 B.T.U.

The minimum suction-displacement necessary per I.H.P.,

per minute, assuming the compression ratio to be 4, and, hence,

the expected efficiency not less than 0.24.

*If the composition of the fuel is that expressed by the formula Cio Haa then

the density of the gas, according to equation 95, becomes 4.92 compared with

that of air, and its volume, per pound, at 62® F. 2.64 cubic feet.
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D = 42 -42 ^ 42.42

‘ 77^.. H 0.24X64.4

tT (»« + l)
^ o

Di — 2.74 cubic feet per minute.

The required suction-displacement per rated per

minute, allowing 15 per cent minimum overload capacity,

Z), = 1. 1
15

—4£^4£ ^ , cubic feet per minute.* ^0.24X64.4 ^

The required suction-displacement per rated B.H.P., per

minute, assuming the mechanical efficiency to be 0.85,

42.42 , . .

2? 4 = I. •515 T = 3-7° cubic feet per minute.
* 0.24 X 64.4

^

The capacity of a kerosene-engine of given dimensions will be

in B.H.P.,

B.H.P. : — —-— approximately,

I being the length of stroke, in inches; a the area of the piston, in

square inches, and N the number of revolutions per minute.

By looking up in Table XI, page 120, the figure nearest to 2.74

for the maximum I.H.P., it will be noticed that this suction dis-

placement is based on a corresponding mean effective pressure

of approximately 84 pounds.

The same result is approximated by the formula

m.e.p.= 5.4 X 0.24 X 64,4 = 83. 4O pounds.

Properties of the Common Fud-Gases.—^Most of the fuel-gases

commonly employed for motive purposes vary quite materially in

composition and heating-value at different localities, and some,

as for instance producer gas, even from time to time, depending

on how the generator is manipulated. Any definite analysis for

any particular kind of gas cannot therefore be given, or depended

on. Each kind of fuel-gas has, however, its own characteristics

by which each may generally be distinguished from another. In

the following Table XIII, are given some sample compositions and
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heating-values of various gases that have been duly analyzed and

reported on.

Natural Gas as Fuel.—^Natural gas varies to some extent in

respect to its calorific value, and, to be on the safe side in estimat-

ing the cylinder-capacity required for a specified number of horse-

power, its heating-value should be appraised conservatively. Its

low value may be assumed to be 860 B.T.U. per cubic foot of

gas of standard temperature and pressure.

According to analysis there w'ill be required for its combustion,

on an average, 9.0 cubic feet of air per cubic foot of gas.

The estimate for the heating-value per cubic foot of suitable

mixture becomes then:

The volume of air required by analysis

per cubic foot of gas o = 9.0 cubic feet.

Add 15 per cent excess air ... i -35 cubic feet.

Total volume of air to be supplied, per

cubic foot of gas = 10.35 cubic feet.

Total volume of the mixture, per

cubic foot of gas a?a-|-i = ii.35 cubic feet.

The volume of the expanded normal charge containing one cubic

foot of gas

^ {xa + x) = 1.23 X II
. 35 =• 13-96 cubic feet.

Heating-value per cubic foot of gas . . . H == 860 B.T.U.

Heating-value per cubic foot of the expanded normal charge

H 860

+ i)
’13.96

= 62 B.T.U.

The tniniTnum suction-displacement necessary per I.H.P.,

per minute, assuming the compression-ratio to be 5, and, hence,

the expected efficiency not less than 0.26,

42.42 42 42

~ ^ ^ HT “ 0.26X62E/y-
^ (x a + i)

= 2.63 cubic feet per minute.
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The required suction-displacement per rated per

minute, allowing 15 per cent minimum overload capacity,

1)2 = I. IS
42.42

0.26 X 62
3.02 cubic feet per minute.

The required suction-displacement per rated per

minute, assuming the mechanical efficiency to be 0.85,

^
o
~

6 x
'

62
"" minute.

The capacity of an engine of given dimensions when rimning

on natural gas will be, in B.H.P.,

B.H.P.
I aN ^ I aN

3 -55 X 3,456
~

12,300’

I being the length of stroke, in inches, a the area of the piston, in

square inches, and N the number of revolutions per minute.

The mean effective pressure on which the required suction-

displacement is based is approximately 88 pounds. See Table

XI, page 120.

Bltiminating-Gas.—City illuminating-gas is stiff, occasionally,

and it was not many years ago, generally, obtained by distilling

off the volatile hydrocarbons from bituminous coal. The con-

densible products are, partly, fixed by being heated to a high

temperature in the retorts, and, partly, removed at the cooling

and cleaning process. The result of the process is a gas consisting

mainly of hydrogen, methane and heavy hydrocarbons (iffumin-

ants). A quite average sample of coal-gas is the analysis, given

by M. W. Robinson, of the Birmingham, England, city-gas, the

mean composition of which approximates, by volume,

H CH^ CO CO^ air.

per cent 45 4° 5 5 i 4-

At 62° Fahrenheit, the volume per pound of gas is 32 cubic feet.

The heating-value of the gas is 650 B .T . U. per cubic foot,

and the volume of air required for its combustion is 5.75 cubic

feet per cubic foot of gas.

In the samples of illuminating-gas given in Table XIII, the

heating-value varies from 607 to 71Q B.T.U. per cubic foot, and
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the calorific value per cubic foot of expanded normal charge, in-

cluding 15 per cent excess air, is from 61.5 to 62.8. With these

figures as basis for a computation the required displacement

volume of the cylinder, or the normal mean effective pressure, can

readily be obtained, identically with the computation for natural

gas.

Illuminating-gas is at present often produced by adding

illuminants to so-called water-gas of a proper heating-value to

imitate the old-fashioned retorted coal-gas. The fuel-value in

this manufactured gas consists principally of hydrogen and carbon

monoxide, but its actual composition varies quite materially,

depending on the manipulation of the water-gas generators. The

gas is somewhat lighter than coal-gas, and its heating-value varies

between 550 to 600 B.T.U. per cubic foot. The air required

for its combustion in the gas-engine is the same as that required

by coal-gas, or between 5 to 6 cubic feet per cubic foot of gas.

Coke-Oven Gas.—Modern coke-oven plants yield considerable

quantities of gas, in excess of the requirements for fuel for the

coking-process. This gas is becoming more and more to be

considered an important fuel for generating power in the gas-

engine. The yield of gas is, however, a fluctuating factor; as it

varies with the quality of the fuel, and with the different stages of

the coking-process. The output of the coke-ovens, moreover,

varies with the fluctuating demands from the furnaces that

absorb their product, and this fact must be taken into considera-

tion in estimating the actual value of the gas for independent

industrial use.

The more recent types of regenerative coke-ovens yield, per

net ton of coal, on an average 6,©oo to 10,000 cubic feet of gas,

respectively from coals low and from those high in volatile matter.

Of this, about 40 per cent will be available as a by-product for

industrial purposes—and the heating-value of the gas wiU vary

irom 500 to 700 B.T.U. per cubic foot.

The average total yield of gas may be assumed 8,000 cubic

feet of a heating-value of 600 B.T.U., or 4,800,000 B.T.U. per

net ton of coal. As the coking process proceeds, practically,,

during 24 hours, there will be obtained 200,000 B.T.U. per hour;
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40 per cent of which is 80,000 B.T.U., available, on an average

per hour, for industrial purposes. Utilized in an engine of an

economy of, say, 10,000 B.T.U. per indicated horse-power per

hour, there would, thus, be generated 8 * indicated horse-power

per net ton of coal coked, which in a plant of the moderate

capacity of 500 tons per day would amount to a power-reserve

of 4,000 indicated horse-power, continuously.

There being connected with economical plants a process for

the recovery of the by-products in the tar which is collected at

the cooling of the gas, the gas will be supplied from the coking

plant already partially cleaned. The tar precipitators or sep-

arators generally employed are simply high steel-plate cylinders

through which the gas passes slowly up or down in a zig-zag

path, baffled by shelvings, to the right and to the left, on which

the tar is deposited as the gas is gradually cooled.

For a further cleaning of the gas, to make it suitable for use in

the gas-engine, centrifugal cleaners, similar to those used for the

cleaning of bituminous producer-gas, may be employed. The
final cleaning is accomplished in so-called dry scrubbers, which

are identical to those described in connection with producer-gas

installations, page 436.

The composition and heating-value of the gas as well as the

supply of air required for its combustion are factors that vary

somewhat. For the determination of the required suction-dis-

placement per horse-power of the engine using this gas, it may be

assumed that the lower heating-value of the gas is not less than

500 B.T.U. per cubic foot and that the air required for its proper

combustion, including 15 per cent excess above the theoretical

requirement, is 8 cubic feet per cubic foot of gas. The heating-

value of the expanded normal charge will then be 60 B .T . U. per

cubic foot, or nearly at par with that, qf illuminating gas.

Bituminous Producer-Gas as FueL—^The low calorific value of

bituminous gas should, on an average, not be less than 138 B.T.U
per cubic foot at standard temperature and pressure, and for its

combustion there will be required, according to analysis, a mean

*10 to 12 horse-power is sometimes, less conservatively, stated.



138 THE GAS-ENGINE

of 1.2 cubic foot of air per cubic foot of gas. In order to obtain a

complete combustion in the gas-engine cylinder it is, however,

required that there should be an excess of air of in the neighbor-

hood of 15 per cent.

Founded on these data, the estimate for the heating-value per

cubic foot of suitable mixture and for the required cylinder

capacity becomes:

The volume of air required by analysis

per cubic foot of gas a = 1.2 cubic foot.

Add 15 per cent excess air ... . 0.18 cubic foot.

The total volume of air to be supplied

per cubic foot of gas a — 1.38 cubic foot.

The volume of the mixture per cubic

foot of gas, at standard temperature

and pressure xa + i = 2.^8 cubic feet.

The volume of the expanded normal charge containing one cubic

foot of gas

^ (xa -H i) = 1.23 X 2.38 = 2.93 cubic feet.
^ o

Heating-value per cubic foot of standard gas H = 138 B.T.U.

Heating-value per cubic foot of the expanded normal charge

H 138

Z2
Vo

(xa + i)
•93

= 47 B.T.U.

The minimum suction-displacement necessary per I.H.P.

per minute, assuming the compression ratio to be 6.5, and the

expected efl&ciency, thus, not less than 0.3,

D, =
Efy

H 0-3 X 47

^ (x a X i)

= 3.01 cubic feet per minute.

The required suction-displacement per rated I.H.P. per

minute, allowing 15 per cent minimum overload capacity,

D2 = 1.15 =3.46 cubic feet per minute.
0.3X47
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The reqmred suction-displacement per rated B.H.P. per

minute, assuming the mechanical efficiency to be 0.85,

D,
42.42

1 .35
—-—-

—

0.3 X 4-7
= 4.06 cubic feet per minute.

The capacity of an engine of given dimensions, when running

on bituminous producer-gas, will be, in

B.H.P.
laN

4.06 X 3,456

laN
14,000

I being the length of stroke, in inches, a the area of the piston, in

square inches, and N the number of revolutions per minute.

The mean effective pressure on which the required suction-

displacement is based will be found in Table XI, page 120,

opposite the values Di = 3.02, = 3.47 and = 4.08.

Hence, M . E .P . = 76 pounds per square inch. The same value

can be computed from the relation

H
m.e.p. = s-^Ef y ^

^{xa+i)
^ 0

Anthracite Suction Producer-Gas as Fuel.—Anthracite suction

gas of efficient quality has, on an average, a low calorific value of

not less than 120 B.T.U. per cubic foot, and for its combustion

there is required, according to analysis, i.i cubic foot of air per

cubic foot of -gas. An excess of air of about 15 per cent should,

however, be provided, in order to insure complete combustion in

the gas-engine cylinder.

The estimate for the heating-value per cubic foot of suitable

mixture becomes:

The volume of air required by analysis

per cubic foot of gas a = i . i cubic foot.

Add 15 per cent excess air ... . 0.165 cubic foot.

The total volume of air to be supplied

per cubic foot of gas xa ^ 1,265 cubic feet.

The volume of the mixture, per cubic

foot at standard temperature and

pressure xa + 1 ^ 2.265 cubic feet.
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The volume of the expanded normal charge containing one cubic

foot of gas

^ {x a + i) = 1.23 X 2.265 =2.78 cubic feet.
Vo

Heating-value per cubic foot of standard gas H = 120 B .T . U.

Heating-value per cubic foot of the expanded normal charge

H 120

Va, . 2.78
Y^{xa + 1)

= 43.2 B.T.U.

The minimum suction-displacement necessary per I.H.P.

per minute, assuming the compression ratio to be 6.5 and the

expected efficiency, thus, not less than 0.3:

42.42 42.42

Efy
H 0.3 X 43-2

Va
{pea + i)

Di = 3.27 cubic feet per minute.

The required suction-displacement per rated I.H.P., per

minute, allowing 15 per cent minimum overload capacity:

£>2 = I -IS
42.42

= 3.76 cubic feet per minute.
0.3 X 43-2

The required suction-displacement per rated B.H.P. per

minute, assuming the mechanical efficiency to be 0.85,

42.42
I -^S

—
0.3 X 43-2

= 4.41 cubic feet per minute.

The capacity of an engine of given dimensions when running

on suction gas will be, in B.H.P.,

B.H.P.
laN ^ laN

4.41 X 34,56
”

15,240’
approximately.

I being the length of stroke, in inches, a the area of the piston, in

square inches, and N the number of revolutions per minute.

The mean effective pressure on which the required suction-

displacement is based will be found in Table XI, page 120. It
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approximates the value opposite jD = 3.27 or 70 pounds per

square inch.

The same result will be approximated by solving equation 50&.

Thus, m,e.p. = 5.4 X 0.3 X 43.2 == 69.98 pounds.

Comparing the figures for the suction-displacement and the

mean effective pressure obtained for anthracite suction gas with

those obtained for bituminous gas, it will be seen, that they vary

in the same ratio as the heating-value per cubic foot of normal

expanded charge. That this must be so is evident, because, other

things being equal, in the rate that more heat-units are put into

an engine for transformation in that rate its capacity for doing

work must increase.

The Engine-Power at an Elevation above the Sea-Level.

The normal suction-displacement per horse-power and the mean
effective pressure that may be derived from the various gas-engine

fuels has in the preceding paragraphs been determined on the

basis that the charge is supplied to the engine under the pressure

of the atmosphere at the sea-level (14.7 pounds). The fact that

the gas alone, perhaps, is supplied at a pressure somewhat higher,

or lower, than the atmosphere wi^l not materially affect the power

of an engine, as long as the air for the charge is supplied under

the pressure of the free atmosphere.

If an engine were to work under an atmospheric pressure less

than 14.7 pounds, as would be the case if installed at a high

altitude, then this fact must be taken into consideration in deter-

mining its power.

The heating-value of the expanded normal charge at sea-level is

^(xa+z) ^'^{xa+i)

For an atmospheric pressure 14.7 pounds, p^ has been assumed

to be {pQ — iK) 13-2 pounds, or a total drop in pressure between

the outside and the pressure in the cylinder at the end of the suction-

stroke of IX pound has been allowed. This normal drop in pres-

sure would presumably become proportionately less as the atmos-

phere becomes rarefied at altitudes elevated above the sea-level.
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Thus, the pressure in the cylinder at the higher altitude

- iX),

when p/ is the local atmospheric pressure, in pounds.

Or, - iK),

when Bg is the local barometric pressure and Bg the barometric

pressure at the sea-level. The heating-value of the expanded

normal charge under the barometric pressure becomes

Bo' H

^ '^{xa + x)

Pa J-o

B '

or it becomes reduced in the ratio
J5o

As the heating-value of the expanded normal charge determines

the mean effective pressure, and the horse-power of an engine,

therefore these quantities will, under a barometric pressure Bg,

B '

also be reduced in the ratio

The horse-power, H at an elevation compared with the

horse-power at the sea-level, H becomes, thus

Example.—^What will be the normal rated brake horse-power

of a i6 X 24 four-cycle engine, 200 revolutions per minute,

working on anthracite producer-gas at an altitude of 4,000 feet?

The normal barometric pressure at an elevation of 4,000 feet

is 26" inches mercury.

thus, H.P. 4000 = ^ H.P.oj.

The 16 X 24 engine at the sea-level is, according to Table

XXV, page 274, of 62 rated brake horse-power. Hence at an

26
elevation of 4,000 feet it is — X 62 = 0.87 X 62 = i;4 rated

30
brake horse-power.
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Blast-Furnace Gas.—^The, so-called, waste gas from blast-

furnaces has for years been an important fuel in connection with

the operation of the furnaces. Of greatest importance is its use

for the heating of the hot-blast stoves and for generating steam

by which blowing-engines and dynamos are operated. For the

latter purpose, however, the gas has proven not very efficient,

and is at times even too lean to burn satisfactorily. Of late years,

the gas has been extensively used in large gas-engines, for generat-

ing abundantly the motive power required for blast-engines and

auxiliaries and by this system of utilizing the gas there has been

accomplished a material saving in expense for additional fuel.

At the production of one ton of pig-iron there is used, on an

average, one ton of coke; and, approximately, six tons* of gas are

generated. Estimates place the requirement of gas for the hot-

blast stoves, and other heating purposes, at about 30 per cent of

the total output, or at about 3,600 pounds per ton of pig; the

remaining 8,400 pounds of gas will, therefore, be available for

power purposes.

The analysis of an average sample of the gas would show it

to be of a heating-value of approximately 1,320 B.T.U. per

pound, or a total of 1 1,088,000 B .T . U. in 8,400 pounds. Assum-

ing an engine utilizing this gas to have a thermal efficiency of

0.24, which is common with respect to large engines, there would,

then in the way of power, be obtained, per ton of pig-iron produced

, 11,088,000 X 0.24 • j- . j L
per hour,

—

= 1,040 indicated horse-power, or

approximately 884 f brake horse-power.

The power required for driving blowing-engines, pumps, etc.,

may be liberally figured at 284 horse-power per ton of pig-iron

produced per hour; hence there will remain approximately 6co

horse-power, in excess of the requirements for the furnace.

The gas is, after leaving the top of the blast-furnace, carried

through the down-comer into a system of dust-catchers, which

* Corresponding to 158,000 cubic feet per ton of pig. The volume is variously

estimated at from 180,000 to 120,000 cubic feet, varying with the class of ore and
with the amount of coal consumed.

t Variously estimated at from 750 to 1,200 B.H.P.
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collect the greater part of the dust with which the gas is charged,

and it is in this manner made clean enough for use as fuel. For

being utilized in the gas-engine it is, however, required that the

gas be further cleaned, to eliminate practically all the fine dust,

which, otherwise, will prove injmious to the engine.

Fig. 36 is a diagrammatic view of a washing-plant for blast-

fxirnace gas.

After having deposited a large part of its dust in the dust-

collector, the gas is led into the tower washer, which consists of

three high cylinders containing, each, several grids over which

a shower of water is sprayed from spray pipes above. The gas

is passed up through one after the other of these cylinders, as

plainly indicated by the small arrows in the figure, and when

leaving the apparatus its dust-contents has become reduced to

1.5 to i.o gramme per cubic metre * of gas.

From the primary washer the gas is passed into the centri-

fugal cleaner, which in the figure is a Thiesen washer.

This apparatus consists of a casing containing a revolvingdrum

which is provided with helical vanes on its outside surface. Be-

tween the drum, which revolves at a speed of 350 revolutions per

minute, and the casing the gas is passed and is vigorously thrown

out against a film of water passing over the inside surface of the

casing; the water entering through valves at a and drained off,

together with the dust contents, into a drain and seal basin at b.

The gas is drawn in to the washer by means of a fan driven

by the drum shaft and located in the casing at c; the gas-current

is retarded by the helical drum-vanes, and then again given a

suitable discharge-speed by a fan located at the exit end of the

casing, at d.

An apparatus of this type, cleaning 720,000 to i ,000,000 cubic

feet of gas per hour, requires a motor of about 150 horse-power;

the power-requirements being figured generally 0.15 to 0.2 horse-

power per 1,000 cubic feet of gas. The gas leaving the washer

is customarily tested for dust, at intervals, and the quantity runs

normally from o.oi to 0.02 gramme per cubic metre of gas.

* Equivalent, practically, to 3 to 2 grains per cubic foot.
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36.
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From the washer the gas is conducted, through a dryer, to a

filtering-tower, which consists of a cylinder containing a double

set of shelves charged with filtering material through which the

gas passes, in the manner plainly indicated by the small arrows

in the figure, and from there it is delivered to the gas-holder and

the engine.

At G is shown a gasometer, which has for purpose to shut

down the Thiesen washer the moment the pressure in the delivery

pipe from the primary washer becomes dangerously close to that

of the atmosphere. Without such an apparatus the plant would

be unsafe, as, with the washer continuing to draw from the

primary washer after the gas might have been shut off from the

furnace, air would be drawn in to the gas-system, at the risk of

producing an explosive mixture in the holder and gas-main.

The gas used in the hot-blast stoves and boilers is, according

to the latest practice, passed from the dust-catcher also through

a simple stationary washer, to prevent the choking of gas-flues

by dust, which otherwise may occur.

The composition of blast-furnace gas varies considerably,

but it contains, under normal conditions, only a small percentage

of hydrogen, which makes it suitable for a high compression in

the gas-engine. At times, however, a very large percentage of

hydrogen may be present, and this fact must be taken account of,

when deciding upon the proper compression to be carried by the

engine. While a compression-pressure of 190 pounds has been

frequently used for this gas, it has, due to difficulties, recently

been cut down considerably. A pressure of approximately 160

pounds should be considered safe.

The following is a normal composition of blast-furnace gas:

Per Cent Volume Per Cent Wei^

CO 27.0 26.32

H 2.5 0.18

CH, 0-5 0.29

CO, 9.0 13-79

N 61.0 59-42

100.0 100.00
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Heating-value per cubic foot at 62° F., and i atmosphere 102

B.T.U.
Volume per pound of gas at 62° F. and i atmosphere 13.2

cubic feet.

For complete combustion of one pound of gas there is required

0.76 pound of air; or, generally, there is required per cubic foot

of gas approximately, % cubic foot of air.

Including 15 per cent excess air, there should be supplied for

combustion in the gas-engine 0.86 cubic foot of air per cubic foot

of gas.



CHAPTER VII

ALCOHOL FUELS

In France and Germany there has for a number of years been

made a considerable effort to encourage the use of alcohol as fuel

for motor purposes, and to replace, as much as possible, gasoline

(an imported commodity) by alcohol. In the United States

there has also developed, lately, a purpose to extend the markets

for fuel-supply beyond the control of a mining-monopoly, and to

open them for the modern fuel, in the interests of the agriculture

of the nation.

The ample investigations made for the solution of the proposi-

tion make it appear certain, at present, that, as an engineering

proposition, the problem is solved, and it remains an open question

only so far as its proper economy is concerned.

The Alcohols-—^The alcohols manufactured are of two kinds:

ethyl alcohol, C2 HqO, obtained through fermentation and
distillation of sugar or starch* and methyl alcohol, CH^Oy
obtained by destructive distillation of wood.

The following table contains some of the principal data re-

garding these products in their pure state.

Spbcipic
Gravity.

Spbcipic
Heat. Boiling:

Point

Latent Hbat,
In Vapor.

1

Vapor
Ten-
sion.
Lbs.
per

sq. in.

Product.

At
32® P.

1

At
62® F.

Of Gas
at

const.
press.

Of
Liqiiid.

at 760 "*/ni

Degrrees
Fahr. Prom

62® F.

Above
Boiling
Point.

Ethyl Alcohol .

CaHeO
0 .806 0,794 0-453 0.726 173 440 365 0.7

Methyl Alcohol

C H4O
0.810 0.798 00d 0VOd 148 510 475 1-5

148
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For the complete combustion of the alcohols there is required;

Oxygen per pound of fuel Air per pound of fuel

by CaFTeO 2.086 pounds 9.03 pounds

by C 1^40 1.5 pounds 6.5 pounds

Compared with gasoline, the alcohols are of rather low heating-

value; when pure, their calorific power compares with that of the

former fuel as follows:

Gasoline 20,000 B .T . U.

Ethyl alcohol 16,000 B.T.U.
Methyl alcohol 13,000 B.T.U.

The manufactured alcohols are never pure, however, but

hydrated to the extent of containing from 7 to 50 per cent water,

and their actual heating-values, as fuels, will be on an average

only:

for Ethyl alcohol (water contents 14%) 13,700 B.T.U.
for Methyl alcohol (water contents 14%) 11,000 B.T.U.

One requirement, in order to make it practical to allow the free

production and sale of alcohol fuels on a large scale, was to find

a suitable denaturant that would make the product imusable

for other purposes than as fuel. There prevail, for the purpose,

two satisfactory methods, the results of which are generally

termed, respectively, “denatured alcohol” and “carbiireted

alcohol.”

The composition of the former mixture is defined by law in

the United States- and in France; it being required that: “To
100 volumes ethyl or grain alcohol of a strength of not less than

90 per cent there must be added 10 volumes methyl or wood

alcohol and }4 volume of a heavy hydrocarbon, pyridine

—

denaturation benzol.”

The latter ingredient, required to have the boiling-points be-

tween the temperatures 280° and 390° F., is added for the pur-

pose only of giving to the fuel a distinctive color and odor that

can readily be recognized at inspection.

Carbureted alcohol is a mixture of any optional proportion
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of the denatured alcohol with benzol; the latter being a purer

article than that used for denaturing purposes.

Benzol and pyridine are products from by-product coke-ovens.

They are increasingly used abroad for the enriching and denatur-

ing of alcohol for motor purposes, and as illuminants in manu-

factured gas. Outside of their uses for these purposes, they are

valuable raw materials in manufacturing chemicals. Commercial

90 degrees benzol, of a specific gravity of 0,88 at 62® F. and

boiling between the temperatures 200° and 300® F., is of about

18,000 B .T.U. per pound, or of a heating-value a little less than

that of gasoline.

A mixture of equal parts of denatured alcohol and benzol has

been extensively tried for motor use, and in France a series of

competitive tests have been made with this fuel and with pure

denatured alcohol to ascertain their relative advantages *

The analyses of the two fuels were as follows:

Denatured
Alcohol

Carbureted Alcohol
$0 per cent Benzol

Carbon, C 0.4372 0 . 6899
Hydrogen, R 0. III2 0 . 0948

Oxygen, 0 0.3029 0.1457

Water, 0 0. 1408 0 . 0685

0.9921 0.9989

Computed higher heating-

value 9,938 B. T.U. 14,225 B.T.U.
Heating-value by test 10,630 B.T.U. 14,180 B.T.U.

Some of the results obtained at the tests were:

Fuel Gonsumption;, Ratio by Weight

Power Developed B.H.P. Denatured Alcohol $0% Carbureted Alcohol

8-3 10 7.66

16.3 10 6.8s

34-4 10 7.61

The conclusions were, that, for the same power, the consump-
tion of 50 per cent carbureted alcohol will average yV of that of

denatured alcohol.

Concours International DeMoteurset Appareils utilisant L'Alcool d^naturd 1902.
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Numerous competitive tests have also been made between

denatured alcohol and gasoline, the results of which tend to show
that, on an average, the consumption of denatured alcohol will be

1.05 pound per brake horse-power per hour against a consumption

of 0.7 pound of gasoline, or, for equal power, in the ratio of iX
pound of alcohol to i pound of gasoline. The latter ratio ex-

pressed in volumes would be 1.38 gallon of alcohol to i gallon

of gasoline. Counting the lower heating-value of gasoline 18,500

and that of denatured alcohol 10,000 B . T . U., the efficiency of the

two fuels becomes in the ratio of 24 for gasoline to 30 for alcohol.

Comparisons between the two fuels have been stated in

different ways, and the figures will vary, to some extent, with the

type of engine to which they have reference. For instance, during

the sessions of the Motor Union of Great Britain and Ireland,

which had for purpose to investigate the relative values, as motor-

fuels, of gasoline and alcohol, it was stated : It has been brought

out through evidence that petrol (gasoline), and alcohol stand in

the ratio of 2 to i as regards their heat of combustion, but that in

the case of alcohol 30 per cent of the heat is available, while in the

case of petrol 20 per cent can be obtained. We require then 4

parts of alcohol to 3 of petrol, by weight.’’

The Elementary Components of Alcohol Fuels.—^The specific

gravities of the two fuel-alcohols being so nearly the same, and

varying somewhat with the purity of the products, any distinction

between these quantities will be of no purpose in any ordinary

computation. It will be assumed in the following that both are

0.8 at 62*^ F.

The specific gravity of benzol is 0.88 and that of water at 62^

F. may be called i.o.

Example.—Denatured alcohol consists of: .

90 volumes of ethyl alcohol, C^H^O
10 volumes of water, O
10 volumes of methyl alcohol, C O
0.5 volumes of benzol, Cg

What are the weight percentages of the elementary com-

ponents ?
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The following scheme for a dissecting analysis may con-

veniently be used:

Specific

Weight.

Ratio

of

Volumes

of

Components.

Ratio

of

Weights

of

Components.

Weight

per-

centages

of

Components.

Symbol

for

Components.

Mol.

Weights

of

Components.

Ratio Between
Weights op
Elements.

Percentages of
Weights op
Elements.

C. H. 0. C. H. 0.

X 2 3 4 S 6 7 8 9 10 II 12

0.8 90 72 0.7961 QHoO 46 H A 1 6
¥0 0.4154 0 0 00 0.2770

24 6 16

1 .0 10 10 O.II06 H2O 18 fl 0.0123 0 .O9S4
2 16

0.8 10 8 0.0885 0 0 32 If A if 0-0333 o.orii 0.0444
12 4 16

.0.88 0-5 0.44 0000d Qi H, 78 ff 0 b 0.00037
72 6

no.

5

90.44 I .0000 0-4531 0,12757 O.4I9S

How the figures in the above table have beeji derived is

evident. It may be necessary only to state that the figures of the

last three columns are the products of the weights of elements,

columns 7, 8 and 9, and corresponding weight percentages of

components, column 4.
^

The percentages of the elements are:

C = 0.453

H = 0.127

O = 0.420

The water contents having no influence in respect to tne

heating-value of a fuel, it may be desired to keep it separate.

The percentages in that case will be

:

C = 0.453

H = 0.115

O = 0.321

ifj O — o.iii

The specific weight of denatured alcohol will be =

0.8185 or, approximately, 0.818 at 62® F.

Assuming that a carbureted alcohol-fuel consists of equal
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volumes of denatured alcohol and benzol, the weight percentages

of the elements of the mixture will be

:

Components.

Specific

Weight.

Weight

per-

centages

of

Components.

Ratio op Weights
OF Elements.

Percentages op
Weights op Elements.

C. H, 0 . H20. C. H. 0 . H^O.

Denatured
alcohol

Benzol ....

0.818

0.88

0.4817

0.5183

0 . 4S3 0 . 1 1 s

7%

0.321 O.lll 0.21821

0.47833

0.05540

0.04000

0.15463 0.05346

1.698 I , 0000 0.6965s 0.09540 0.15463 0.05346

The weight-percentages of the elements, thus,

C = 0.697

H = 0.095

O = 0.155

O = 0.053

The weight-percentages of the components of 50 per cent

carbureted alcohol are:

Components. Ratio of
Volumes.

Specific
Weights.

Ratio of
Weights,

Percentage
Weight,

Denatured alcohol 0-5 0 .818 0.409 0,4816

Benzol 0-5 0.88 0.44 0.5184

0.849 1 .0000

In France and in the United States the strength of alcohol is

uniformly expressed by stating what percentage volume there is

of pure alcohol in a diluted mixtiure. In Germany, however, its

strength is always expressed by the percentage weight the pure

alcohol is of the whole. In comparing results, therefore, reported

from the different countries, this difference should be allowed for.

For instance, an alcohol called in this country 90 per cent will be

in Germany.0.858 per cent. For the reduction from per cent

volume to per cent weight, or vice versa, a table of experimental

determinations of the denaty of different hydrations will be

necessary. In the Smithsonian table, below, for ethyl alcohol,

the densities are given at 60° F., and it should be observed that
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for each degree the temperature of the fluid is higher or lower

than 6o° its density will be approximately 0.0005 ^^ss or .more

than that given in the table.

Specific Gravity of Ethyl Alcohol Diluted byVarious Percentages of Water.

Specific Gravity
at 60° F. compared

with Water
at 60“ F.

Percentage op
Alcohol. Specific Gravity

at 60® F. compared
with Water
at 60® F.

Percentage op
Alcohol.

By
Weight.

By
Volume.

By
Weight.

By
Volume.

0.834 85.8 90.0 0.822 90.4 93-4

•833 86.2 90-3 .821 90.8 93-7
00 86.6 90.6 .820 91.

1

94.0

.831 87 .0 90.9 .819 91 -5 94.2

.830 87.4 91.2 . 8 i 8 91.9 94-5

.829 87.7 91-5 .817 92 .2 94.8

.828 88 I 91 .8 .816 92 .6 95-0

. 8^7 88.5 92.1 815 93*0 95-3

.826 88 .

g

92 3 .S14 93 -5 95-5

.825 89*3 92.6 .813 93-7 95-8

.824 89.6 92.9 812 94.0 96.0

.823 90.0 93-2

In the custom house alcohol is given in “proofs’ gallons,

that is, in gallons containing 50 per cent alcohol, by volume, 50

per cent being water. When a quantity of alcohol is given in

proof gallons it is, therefore, expressed by a figure twice as large

as it would be if the measure were given in gallons of 100 per cent

alcohol.

Specific Heat of the Fuel-Vapors.—Denatured alcohol con-

sists of:

Ethyl alcohol CaHgO 0.796 per cent weight.

Methyl alcohol CH4O 0.088 “

Benzol QH, 0.005
“ “

Water H^O o.iii “ »

1 .000

50 per cent carbureted alcohol consists of:

Ethyl alcohol CgHgO 0.383 percent weight.

Methyl alcohol CH4O 0,042 ** “ “

Benzol CgHg 0.521 “ «

Water H^O 0.054
“

1 .000
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Based on these compositions of the two fuel-alcohols we
obtain

:

The specific heat of denatured alcohol-vapor.

CjHaO 0.796X0.453= 0.360
CH4O 0.088X0.458= 0.0403

CflHs 0.005X0.3 =0.0015
HgO o.iriXo.48 =0.0532

Total 0.455

The specific heat of 50 per cent carbureted alcohol-vapor.

C^HaO o 383X0.453= 0.173
CH4O 0.042X0.458=0.019
QHa o 521X0.3 =0.156
HoO 0.054X0.48 =0.026

Total 0.374

Air Required for Combustion.—In the following table are

given the oxygen and air required for the complete combustion of

the alcohol-fuels and components, and the combustion-products

obtained per pound of fuel:

Fuel.
Oxygen Required
for Combustion.

Lbs.

Air Required
Combustion-Products.

for Combustion.
Lbs. COa.

Lbs.

* HoO . N,

Lbs. Lbs,

Ethyl alcohol, CgHgO .

,

2 .087 9-037 1-913 I. 174 6.95

Methyl alcohol, CH4O . . 1-5 6.50 I -375 I. 125 5.00

Benzol, CgHg 3-1 14.32 3-385
1

0.692 r0.243

Denatured alcohol 1 .809 7 833 1 .661 I. 149 6.024

50 % Carbureted alcohol 2.448 10.600 2.530 0.918 8.160

The higher heating-values of the two alcohol-fuels are

:

Computed Value Value by T^st

Heating-value of denatured alcohol 11220 11880

Heating-value of 50 % carbureted

alcohol (50% alcohol) . . . 14830 14200

Heating-value of 80% carbureted

alcohol (80% alcohol) . . . 12050

At complete combustion of alcohol there is formed carbon

dioxide and water, as:

C2 H Q O -f- 6 O = 2 G* O2 Hh 3 ^2
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When the combustion is incomplete, however, there is formed

aldehyde and water, as

:

C^H,0 + O = C^H,0 + H^O,

or acetic acid and water, as:

Cj 0 + 20 = 3^4 O 2 + 0.

Vapor Pressure and Critical Temperature of an Explosive Gas

Mixture.—^The following table, according to Sorel, gives the

vapor-pressure of saturation at various temperatures for the

alcohol-fuels commonly used, or it may be said to give the critical

temperatures for various pressures.

TABLE XIV.

Vapor Pressure of Saturation for Denatured and 60 Per Cent Car-

bureted Alcohol, in Millimeters of Mercury.

Temperature. 0 . s-s
!•§

Temperature. 1-'

-1

rcJ

ll
Temperature. V .

£’3

“C. °P.
SI

°C. ®F.
|i

®C. ®P.
•el

cS<

-14 6,8 19-5 0 32 IS 43 14 57-2 35
00

“I3 8*. 6 20.5 I 33-8 16 45 15 59 37 86

-12 10.4 22 2 35-6 17 47-5 16 60.8 39-5 90

-II 12.2 23 3 37-4 18 50 17 62.6 42 93-5
-10 14 24.5 4 . 39-2 19 52.5 18 64.4 45 97-5

9 IS -8 26 5 4X 20 55 19 66.2 48 102

- 8 17.6 27-5 6 42 .8 21.5 57-5 20 68 Sx 106.5

- 7 19.4 29 7 44-6 23 60.5 21 69.8 54 HI.

5

- 6 21.2 31 8 46.4 24-5 63 22 71,6 57*5 II 7 -S

- 5 33 12 32*5 9 48.2 26 66,5 23 73-4 61 123 S

- 4 24.8 12.5 35 - 10 50 10 cX 70 24 75.2 64 130

- 3 26.6 13 37 II SI -8 29 72.5 25 77 68 136.5
- 2 28.4 13*5 38.5 12 S3 -6 31 75.5 26 78.8 72 145

- I 30.2 14.5 41 13 SS -4 33 79 27 80.6 76.5

With regard to the alcohol-fuels, it becomes of special interest

to find the minimum temperature at which a proper explosive

mixture can be formed. This temperature may readily be de-

termined, on the basis of the preceding table, when it is remem-
bered that the ratio of the pressures of, respectively, the air and
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fuel-vapor in a saturated mixture is equal to the inverted ratio of

the volumes of the two gases present (see page 107).

Let B be the barometric pressure to which a mixture of fuel-

vapor and air is subjected,

I and (a + t) its temperature, respectively, above 0° F., and
above the absolute zero,

d the density of the vapor at 32°F., and at atmospheric pressure,
6 the coefiEcient of expansion by heat of air and of the vapor,

V the volume of the air mixed with each pound of the fuel, at

32° F., and atmospheric pressure, in cubic feet,

X the vapor-pressure of the fuel,

and, thus, B ~ x the vapor-pressure of the air in the mixture.

The volume of one pound of vapor, at the temperature t and
barometric pressure B, becomes, then, according to equation 1

1

760

B

and the volume of the corresponding proportion of the air is

^^Ve(a + i).
.

Hence, d F = or
B — X

B
^
~i + dV’

If the fuel-and-air mixture is subjected to the atmospheric

pressure, then the pressure of the vapor becomes

760~
J. _j. ^ y’

or wnen x^ iS a icnown quantity we may say

B
X = X .

760 “

For each fuel-vapor there is required a certain proportion of

air for its complete combustion in a gas-en^ne cylinder. Practice

has shown that gasoline requires for effective combustion, approx-

imately, 15 per cent more air than the quantity theoretically
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necessary, and, though it has not as yet been fully settled, there

is no doubt but that alcohol-fuels should be supplied with an

excess of air of about 50 per cent above that required by analysis.

Under these conditions, the best mixture for the following fuels

would be:

Gasoline, i pound to air 17.3 pounds, against 15 pounds by

analysis. Denatured alcohol, i pound to air 1 1.7 pounds, against

7.8 pounds by analysis. 50 per cent carbureted alcohol, i pound

to air 15.9 pounds, against 10.6 pounds by analysis.

In the following table are computed the vapor-pressure of

some fuels in mixture with such proportions of air as will be

theoretically, or practically, required for complete combustion

:

TABLE XIV A

Fuel. Proportion Air. V. d.
X
m/
/ m

Critical
Temp’rature
Degrees F.

Gasoline Am’t. ren’d- bv a’lv’s 186 0.24 16.6

Gasoline I.15X “ < iC cc
214 0 14 . K

Ethyl alcohol, pure ....
ee 1 it II2 .7 0 129 49.2 + 72

Methyl alcohol, pure .

,

< it ti 80.6 0.089 93-0 68

Denatured alcohol 90% tc t tt ft
96.7 0 . lOI 70.6 78

Denatured alcohol, 90% I.50X “ t ti tt
145 -I 48.6 67

50% Carbureted alcohol
ec e tc tt I3I.4 0.162 34.1 24

50% Carbureted alcohol I.SOX c tt tt
197.

2

23.0 12

In the last column is given the minimum temperature at which

the mixture can exist, at atmospheric pressure, without the fuel

becoming condensed. These temperatures are taken from

Tables VIII and XIV.

The preceding table shows that 48.6 ”*/„ mercury is the

vapor-pressure of the fuel in a suitable mixture of denatured

alcohol and air, and 67° F. is the minimum temperature at which

such a mixture can exist and still retain the full charge of the fuel

in vapor, under 760 barometric pressure. It also shows

that the vapor-pressure of a 50 per cent carbureted alcohol-fuel

in a suitable mixture, and at 760 “/^ barometric pressure, is

23.0 mercury, and the minimum temperature at which it
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can exist is 12° F. The air supply in both cases being figured

50 per cent in excess of that required by analysis.

When a fuel-mixture is of a partial vacuum, as it will be during

the suction stroke in an engine-oylinder, then its vapor-pressure

and the corresponding critical temperature become lower. If

it be assumed that the minimum suction-pressure is 13.2 pounds,

o-r 684 mercury, then the vapor-pressure of denatured and of

50 per cent carbureted alcohol, in a mixture including 50.per cent

excess air, becomes, respectively,

^ X 4S.6 - 43.7 -/» and^ X 23 - ao.7 V,.

and the corresponding critical temperatures will be 63° and 9® F.

The vapor-pressure of a mixture not including any excess air

would, in other respects under the same conditions, be for de-

natured alcohol 63.5 and for 50 per cent carbureted alcohol

30.7 corresponding critical temperatures, respect-

ively, 75® and 18® F.

The Minimum Initial Temperature of the Air and Alcohol

Charge.—If it should be required that the fuel were completely

vaporized in the carbureter before being admitted to the cylinder,

then the latent heat of vaporization may be assumed to be all

supplied from the sensible heat of the fuel and air, which would

practically be the case if the vaporization were to take place in a

common unheated carbureter.

The latent heat of vaporization from 62® F. of denatured

alcohol is approximately 525 B.T.U. per pound, and that of

50 per cent carbureted alcohol is 350 B.T.U. That the latent

heat of the former fuel is considerably greater than that of the

latter is due to the greater percentage of water present, whose

latent heat is high.

The specific heat of the gases from the two fuels may be

assumed, according to the estimate, page 155, to be:

That of denatured alcohol-gas = 0.455

That of carbureted alcohol-gas = 0.374

and that of air is approximately = 0.24,
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Assuming the allowance of air per poimd of fuel to be:

Air theoretically required. Air including 50% excess.

For denatured alcohol . 7 -S II.

7

For carbureted alcohol

The specific heat of the gas-

and-air mixture becomes

then,

10.6 15-9

For denatured alcohol .

0.24X7-8+0.455 2.327 0.24X11.7+0.455 3.263

8.8 8.8 12.7 12 7

For carbureted alcohol .

0.24X10.6+0.374 2.QI8 0.24x15.9+0.374 419

And the fall in the temper-

ature of the mixture, due

to the abstraction of heat

for the vaporization of

the gas.

II. 6 II. 6

i

16.9 16.9

For denatured alcohol -5£L= 226“f. -^=i6i»F.
2.327

For carbureted alcohol . I20®F. 83®F.
2.918 4.19

Hence, to effect a complete

vaporization of the fuel,

the air and fuel should

be initially of a tempera-

ture of, at least.

For denatured alcohol . 226+75“3oi®F. 161+63— 224°F.

For carbureted alcohol . 120+ 18= i38®F. 83+9 « 92°F.

By early engine-trials it was found that alcohol-fuels could not

be utilized without pre-heating the charge considerably, and in

many cases it was foimd impossible to start an engine on a cold

alcohol-charge; therefore, in such cases, gasoline was resorted

to as a means for starting and heating up the alcohol-engine. It

appears also evident from the preceding estimate of the critical

temperatures, that, in order to vaporize an alcohol-fuel (par-

ticTilarly denatured alcohol) completely in the carbureter, it is

required that the air be highly pre-heated.

It will be practical, however, to vaporize the fuel, only par-

tially, in the carbureter and to allow complete vaporization to

take place when, during the suction-stroke, the new charge is
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mixed with the hot neutrals from the preceding charge. By late

experiments it has been found that, while some pre-heating is

favorable for complete combustion and high efficiency, it will not

be necessary, or desirable, to heat the air to the temperature that

a complete vaporization of the fuel in the carbureter would call for.

In some instances the pre-heating of the air to only some
150° F., though the compression used was quite moderate, gave

rise to self-ignitions, which, of course, on account of the uncer-

tainty in regard to the exact point of the stroke where ignition

may occur, must be considered objectionable. With a properly

constructed and cooled combustion-chamber any difficulty on

this score should, however, readily be avoided.

To make it possible to employ a very high compression and

obtain high efficiency, some builders inject water to the cylinder

with the fuel. This is a feature of the Banki, the Deutz and the

Marienfelde oil and alcohol engines, tests of which are recorded

in Table XXXI, page 410.

The alcohols vaporizing much more slowly than gasoline, it

is, with respect to them, of greater necessity to effect a thorough

mixture between the air and fuel in the carbureter, and to provide

ample port-areas, so as to insure a slow fluid yelocity through the

carbureter and intake-chambers, thereby avoiding any consider-

able pressure-reduction in the cylinder at the suction-stroke.

Denatured Alcohol as Fuel.—^Practice showing that any high

pre-heating of "the charge is undesirable, it may be assumed, for

the sake of an estimate of the required cylinder capacity of an al-

cohol-engine, that the vaporization of the fuel is completed first

at the time of the beginning of the compression-stroke, and that

the temperature of the charge,^ at that time, is consistently low.

Carrying out, then, the estimate with reference to a denatured

alcohol-fuel, the temperature of the charge at the beginning of the

compression should not be less than 63°F.,at a pressure of 684”"/^

mercury, and the volume of the expanded charge per pound of

fuel becomes

Assuming that the higher calorific power of a denatured alcohol
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fuel is 11,700 B.T.U., its lower calorific value, after deducting

the latent heat in about 1.15 pound of water-vapor formed at

its combustion, will be, approximately, 10,450 B.T.U. The air

necessary for its complete combustion is, theoretically, 7.8 pounds

per pound of fuel, or 102.5 cubic feet at 62° F., and atmospheric

pressure.

Each pound of fuel, in vapor, at this temperature and pressure

occupying 9.4 cubic feet, we get:

The volume of air necessary according to analyses,

per cubic foot of fuel-vapor . • . a = 10.9 cubic feet.

Add 50 per cent excess air ... . 5.45 cubic feet.

The volume of air to be supplied per

cubic foot of fuel-vapor . . . .:vra==i6.3S cubic feet.

The total volume of the mixture, per

cubic foot of fuel-vapor . . . .^^-1-1 = 17. 35 cubic feet.

The volume of the expanded normal charge after completed suc-

7
tion-stroke; using the value ^ i,i

V
j^(xa + i)— i.i X 17.3s = 19.08 cubic feet.
^ 0

The heating-value per cubic foot of vapor H = iiii B.T.U.
The heating-value per cubic foot of the expanded normal charge

H
^^{xa+ i)

nil
19.08

58 B.T.U.

With a compression ratio of 7 to i, that should be used in an al-

cohol-engine, there should, according to Table IV, be realized an

eiSciency approximately 0.31., In practice, this efficiency has

been well exceeded under good average conditions." Counting,

therefore, on an efficiency 0.31, the minimum required suction-

displacement per minute, per I.H.P., will be

n = 42-42 42.42

'Efy +

^ o

= 2.36 cubic feet per minute.
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The required suction-displacement per minute per rated

allowing 15 per cent overload capacity, is

42.42 , . rD2 = 1.15 —r =2.71 cubic feet per minute.
^ 0.31 X 58

' ^

The required suction-displacement per minute per rated

assuming the mechanical efficiency to be 0.85, is

^4 == 1-35
42.42

0.31 X 58
3.19 cubic feet per minute.

The capacity of an engine of given dimensions, when operat-

ing on denatured alcohol-fuel, will be, in B.H.P.,

B.H.P.
laN

3.19 X 3,545

laN
11,300

I being the length of the stroke in inches, a the area of the piston

in square inches, and N the number of revolutions per minute.

The mean effective pressure on which the required suction-

displacement is based will, according to equation 506, be

M.E.P. « 98 pounds.



CHAPTER VIII

FEATURES OF THE PRACTICAL GAS-ENGINE CYCLE

Ignition.—In order to explode a fuel-mixture it is required

only that a small portion of the fuel be heated to the ignition-

temperature. The heat of combustion of only a small portion

of the explosive mixture will cause the inflammation of the whole

charge, either through ordinary flame-propagation or possibly

by means of an explosive wave which is assumed to cause practi-

cally instantaneous combustion of the whole charge.

The ignition-temperatures, which have been established by

various experimenters, for hydrogen, carbon monoxide, marsh

gas and ethylene are approximately:

For H mixed with 0 iioo°Fahr.

For C O mixed with 0 1300° Fahr.

For C mixed with 0 1200° Fahr.

For C2 mixed with 0 1100° Fahr.

The diluting of a mixture does not generally change its ignition-

poini, excepting in the case of C 0 gas mixed with C 0 ^, in which

case the ignition-point becomes materially higher. The ignition

of the various gases in air occurs, thus, approximately at the same

temperature as when mixed with oxygen.

The Timing of the Ignition.—The ignition of the charge should

be timed to suit the fuel, the compression, and the speed of the

engine. The surest means for finding the best point .for ignition

is the indicator, but it can generally be determined approximately

by listening to the sound in the engine while the timing-device is

varied.

In Fig. 37, 1
,
II and III, are represented cards from an engine

running on natural gas, taken at full load with the ignition timed

differently in each case, and they show:

Card I a correct ignition.

Card II a too early ignition.

164
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Caxd III too late ignition.

Card IV is taken at a lighter load and with an ignition entirely

too late to suit the low compression of the charge.

Flame Propagation.—^The rate of the flame propagation in a

perfectly vaporized explosive mixture of normal composition is

very high, and ordinarily no essential advantage would he derived

by an increased rate. In a diluted mixture, however, the rate

is often not what would be desired.

Experiments by Mr. Grover,* at Yorkshire College, show

that the replacing of the excess air m a diluted coal-gas mixture,,

in part, with burned gases (neutrals), may increase the rapidity

of its combustion. Experimenters are not united, however, as

to what influence the neutrals have on the rapidity of combustion

of an explosive mixture, in general, though with respect to some

fuels the detriment of replacing excess air for neutrals seems to be

proven.

^ “ Modern Gas and Oil Engines,” by Frederick Grover.
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Mr. Grover's experiments establish the following additional

conclusions with respect to a coal-gas mixture

:

That the highest pressures are obtained when the volume of

air is only slightly in excess of the amount required for complete

combustion.

That when the volume of the products of combustion does not

exceed 58 per cent of the total mixture then the mixture is still

explosive, provided the volume of air is not less than 5X times

the volume of gas.

That higher pressures are recorded when the residual gases

take the place of excess air.

The above conclusions, with regard to the experiments,

amount practically to the same as saying that a perfect coal-gas-

and-air mixture may be diluted with 140 per cent of its volume of

burned gas and still be explosive; and the velocity of the flame-

propagation of such a mixture is more rapid than if air were used

for diluent.

The temperature of the charge when ignition takes place

has also influence on the rate of the flame-propagation, so that

the higher the temperature the more rapid the combustion

becomes.

Experience also shows that mixtures in which the fuel is

imperfectly vaporized often give unsatisfactory results due to

slow combustion, and that a charge too weak to explode with a

normal spark can be made to explode by using a heavy spark.

Explosion Experiments.—Clerk's experiments on explosive

mixtures are of interest as showing the rapidity with which com-

bustion occurs.

These experiments were made with Glasgow and Oldham

city-gas with varying proportions of air. The ignition of the

charge was effected without previous compression, at 60® F.,

and the results are shown in Table XV, The highest pressure

attained was, as will be seen, 91 pounds per square inch.

Some experiments on mixtures of hydrogen and air are given

in Table XV a.

For Koerting’s experiments with coal-gas under a moderate

pressure see Table XV b.
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TABLE XV

Proportion
BY Volume. Maximum Observed

Pressure.
Pounds per sq. in.

Time to Reach
Maximum Pressure.

Seconds.
Gas. Air.

I 14 40 0-45
I 13 51-5 0.31

I 12 60 0.24

I II 61 0 H

I 10

I 9 00 0.08

I 8

I 7 S7 o.c6

1 6 90 0.04

I 5 91 ooSS
I 4 So 0.16

TABLE XV a

Proportion
BY Volume.

j

Maximum Observed
Pressure.

Pounds per square inch.

Time to Reach
Maximum Pressure.

Hydrogen. Air.
Seconds.

I 6 41 0.15

I 4 68 0 .026

2 5 So O.OI

TABLE XV b

Proportion
BY Volume. Pressure Before

Ignition.
Pounds per sq. in.

Absolute.

Time to Reach
Maximum Pressure.

Seconds.

Velocity of the
Propagation of

Pressure.
Ft. per second.

Gas. Air.

I 75 iS-o 0,032 23.0

37-0 0.036 20 .4

I 5-42 1

15-0 0.01 44.0

1

1

37-0 0.0125 59-0
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The propagation of the flame in the experiments by Koerting

is essentially higher than in those of Clerk, which undoubtedly is

due to differences in the general conditions under which the ex-

periments were made. Comparing each set of results in Table

XV S it will be seen that the flame-propagation is somewhat more

rapid at the low pressures than at the higher ones. This may be

according to what would be expected, as there is more weight of

gas to be consumed in the latter case than in the former. The

consumption of a unit weight of gas is, however, much more

rapid at the higher pressure.

The following tables XVI and XVII are the results of experi-

ments on explosive mixtures made at the Mass2r,husetts Institute

of Technology, and in Fig. 37 are constructed, on a time basis,

the pressure-lines obtained from every second of the mixtures of

Table XVI; beginning with the i to 3 mixture.

TABLE XVI.

Eesults of Tests on Explosive Mixtures of Illuminating-G-as and Air.

•

u
First J Second. J Second after Maximum

Pressure.

i

a

Maximum

Pressi

Pounds

per

sq.

Time

of

Explosii

Seconds.

Area.

Square

inches.

Mean

Pressure.

Pounds

per

sq.

in.

Mean

Pressure

Proportion

of

Gas.

Final

Pressure.

Area.

Square

inches.

Mean

Pressure.

Pounds

per

sq.

in.

Mean

Pressure

-f-

Proportion

of

Gas.

Final

Pressure.

I* S

50

U
51
ga
•S s

Gas-air

I- 3 45 .49 0.32 II 44 26 1.80 43 172 40 160

I- 4 86 .08 1.77 59 29S 61 1.88 62 310 46 230

5 96 •05 1.86 62 372 52 r -93 64 384 44 264

I- 6 88 •05 H 000 60 420 54 1-93 64 448 46 322

I- 7 86 .06 1,97 66 528 S8 r -93 64 512 46 3^^4

I- 8 87 .06 I.7I 57 513 53 1.83 61 549 46 414

I- 9 77 .08 I .60 53 530 57 1.86 62 620 46 460

I-IO 71 .11 1.36 45 49S S6 1.69 S6 6r6 45 495

i-ir 68 .14 1.21 40 480 60 1.66 55 660 43 S16
1-12 39 33 0 - 3S 12 156 29 00d 33 429 3Q 390

32 .42 0.18 6 84 16 0.79 26 364 24 336

1-14 9 .42 0.05 2 30 4 0.24 8 120 8

I

120
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It will be noticed by the diagrams, Fig. 37 a, that, generally,

the quicker the combustion occurs, and the higher the initial

pressure, the lower the pressure-line becomes after one second’s

time, excepting in the case of the very rich mixture, curve 3.

The end of the first one-fifth second from the time of the ignition

is marked in the figure by a heavy line at the point of the

total length of the diagrams, and at that line the final pressures

after the fiurst one-fifth second are measured. The areas obtained

after the first one-fifth second, and the mean pressures, columns

4 and 5 of Table XVI, refer also to the areas of the diagrams up

to that line. The figures of the sixth and tenth columns of the

tables represent, of course, the efficiencies at the combustion of

each of the mixtures.
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TABLE XVII.

Results of Tests on Explosive Mixtures of Gasoline (76°, Sp. gr.

0.680) and Air.

Proportion

of

Gas

in

Mixture.

Time

of

Explosion,

Seconds.

First 0. 2 Second.

Maximum

Pressure.

0.2 Second after Max.
Pressure.

Area.

Square

inches.

Mean

Pressure.

Pounds

per

sq.

in.

Mean

Pressure

-r-

Proportion

of

Gas.

Final

Pressure.

Area.

Square

inches.

Mean

Pressure.

Pounds

per

sq.

in.

Mean

Pressure

-i-

Proportion

of

Gas.

Final

Pressure.

0.0132 .167 .76 25 -3 1925 52 52 1.28 42.7 3240 33
O.OI41 .117 38.4 2720 49 62 1 .42 47*3 3360 35
0.0151 .109 1 .26 42 .0 2770 48 64 1 . 45 48.6 2950 35

0.0164 .182 .81 27 0 1650 50 51 1.25 41.7 2540 32

0.0179 .109 1.27 42.3 2368 SO 67 1-53 Si'O 2855 36

0.0196 .091 1.44 48.0 2441 48 73 I.

S

3 51.0 2600 36

0 .0217 ,082 1-43 47-7 2180 48 76 1.56 52.0 239 T 37
0.0244 .060 1.62 54-0 2213 45 8s 1 .63 54.3 2225 36

0 0263 .058 1 .61 S3-7 2040 45 85 1 .62 54.0 2052 36

0 .027S .058 1.62 54.0 ^943 46 84 1 .64 57-4 1970 38

0.0303 .066 1.49 49-7 1640 45 78 1 .60 53-4 ’1760 37

0.0323 .067 1-55 51-7 1602 48 83 1.70 56.7 1760 38

0.0345 .100 1.34 44-7 1297 52 75 1.59 53-0 1536 38

0.0385 .117 1 .10 36-7 955 52 62 1.42 47-3 1230 35
0.0417 •133 .98 32 -7 761 52 55 1 .40 46.7 II 2 I 38

0.0476 .210 •39 13.0 273 35 35 1 .02 34 ’O 714 32

Mixtures Highly Diluted with Combustion-Products.—It may
appear from Mr. Grover’s experiments with mixtures diluted

with air and burned gases as if the neutrals in a weak mixture

would tend to facilitate rather than retard the inflammation of

the charge. However, the conditions imder which these experi-

ments were carried out were materially different from those

existing during the combustion in the gas-engine cylinder, and

experience, with some fuels at least, shows results differing in

this respect. What effect, then, will the combustion-products

actually have on the combustion in the gas-engine cylinder ?

Assume a case of a throttling engine of fairly high compression.
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which, due to faulty valve-setting, does not relieve itself of the

burned gases to the best advantage. Such an engine we find, on

a heavy load, apt to give evidence of pre-ignitions, which are due

probably to the excess heat the burned gases transmit to the

charge. Under a light load, however, the operation of the engine

is liable to be troubled by back-firing into the mixing-chamber

or inlet valve-casing, at times of the opening of the inlet value

for admission of the new charge. This feature would be ex-

plained on the ground that an excessive amount of combustion-

products in a weak mixture makes it slow-burning, to the extent

of holding the fire aU through the cycle until the inlet valve begins

to open for a following suction-stroke.

After readjusting the valve-setting, by opening the exhaust

valve early and keeping it open as long as practical, an appreciable

change will have been accomplished. The cylinder will become

scavenged from combustion-products as far as possible; hence

the weak charge, on the same light load as before, will be diluted

by more air instead of by an excess of combustion-products, and

the back-firing into the mixing-chamber will have been cured.

This tends to show, that of the two mixtures of similar heating-

value the latter, containing less combustion-products, acts, in the

working cylinder, as if it were the more inflammable.

Suppression of Heat at Combustion.—^The specific heats of

gases have been found to be approximately constant for tem-

peratures as high as 500 degrees Fahr., and it has generally been

assumed to be so for all temperatures. The heating-value

admitted to the gas-engine cylinder with each pound of charge

being known, the increase in temperature through combustion

should, according to this assumption, theoretically be

However, judged by the corresponding increase in the pressure,

this increase in temperature is never realized in practice, and a

phenomenal suppression of from 30 to 40 per cent of the total

heating-value of the fuel is often observed.

There has existed, and stiU exists perhaps, to some extent,
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differences of opinion as to the cause of this discrepancy between

the maximum temperature that should theoretically be obtained

at the combustion in a gas-engine cylinder and the temperature

actually obtained. One of the theories regarding its cause

assumes that the metal of the combustion-chamber absorbs the

heat apparently lost, later restoring part of it to the charge during

its expansion; the effect being similar to that due to the so-called

“wall-action” in a steam-engine cylinder.

The cause has, by another theory, been sought in the fact that

some of the combustion-products become dissociated at very

high temperatures, and that, therefore, the temperature obtained

must always be below that at which dissociation takes place.

According to a third theory, the suppression of heat is due to slow

combustion, which would have for effect the lowering of the tem-

perature through expansion before the full heating-value becomes

evolved by combustion.

That the wall-action of the cylinder has some influence on the

temperature obtained at the combustion there is no doubt, but,

as a following approximate determination of the same will tend

to show, it cannot be very considerable. It has, however, a

decided tendency to absorb a certain amount of heat at the early

part of the explosion-stroke, and to restore it, partly, later during

the expansion. Clark’s dissociation theory has lately been proven

incorrect, on the ground that the temperature in the cylinder

never attains that intensity at which either the carbonic acid gas

or steam are dissociated. Finally, the after-burning theory,

although it has fuU force with respect to certain slow-burning

mixtures, does not seem to be true with respect to mixtures giving

an average good combustion. Entropy-temperature diagrams

constructed from indicator cards showing proper combustion-

lines do not exhibit from the time of maximum pressure any

additional heat-energy above what would readily be due to the

action of the cylinder walls.

At present, when it appears certain that the specific heat of

all gases formed at the combustion in the cylinder increases with

the temperature, the so-called “heat suppression” would seem

to have found a solution. And, with the assumption that the
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values of the specific heat of gases at high temperatures which are

at hand up to date are approximately correct, it can readily be

ascertained that the temperatures and pressures obtained in the

gas-engine are not materially lower than what can be expected

theoretically.

According to determinations made by Mallard and Le

Chatelier, the specific heats for the gases quoted below increase

with the temperature in the following rate; the temperature being

expressed in degrees Fahr.

TABLE XVIII

The specific heat at constant pressure.

C O2 = 0.185 + 0.000093 t

H2 O = 0.415 + 0.000202 t

N = 0.240 + 0.000024/

O == 0.21 1 4- 0.000021 /

Air = 0.233 + 0.000023 /

The specific heat at constant volume.

C O2 = 0.140 + 0,000093 /

H2 O = 0.306 -I- 0.000202 /

iV = 0.173 + 0.000024/

O = 0.150 H- 0.000021 /

Air = 0.165 + 0.000023 /

Assume that in an engine there is used as fuel gasoline, the

lower heating-value of which is 18,500 B.T.U., and that the

compression ratio is r = 4.

Thus, =7 = 1.62.

The normal expanded charge after completed suction-stroke,

including 15 per cent excess air, contains under these conditions,

at about 80 degrees F., the heating-value (see page 127)

H
^(xa + i)

= 70 B.T.U. per cubic foot.
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Hence, the heating-value per pound of normal charge will

be, according to equation 44,

Q =— F,^ = 7oX 13.5 X ^ = 708 B.T.U.
^^(xa+i)

The maximum temperature obtained at the combustion has

been found by investigators to be, ordinarily, between 3,000° and

3,800° Fahrenheit—on an average thus 3,400° Fahrenheit.

The absolute temperature after compression is

T, ^ T, = 1.62 (460 + 80) = 87s" F.

or 415° above Fahrenheit zero.

The mean temperature during the combustion may, therefore,

be called, approximately 1,900° F.

If this temperature, 1,900° F., be inserted in the preceding

equations for the specific heat at constant volume, for C Og,

i?2 Oj N and O, we obtain the following:

The mean specific heat at constant volume for a range of

temperatures between 415° and 3,400° F., for

Sv

C O2 = 0.317

H2O = 0.690

N = 0.218

O = 0.190

At the combustion of one pound of gasoline in 15 per cent

excess air, there are formed the following products:

C O2 3.0 pounds

H2O 1.4 pounds

N 13.0 pounds

O 0.5 pounds

Total 17.9

The average specific heat at constant volume, 5'^ of all the

products of combustion, therefore, for a range of temperatures

between 415° and 3,400 F., is
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Combiistion
Products, lbs.

3.00 X
Sv

0.317 == 0.951

1.40 X 0.690 0.966

13.00 X 0.218 2.834

0.50 X 0.190 0.09s

4.846

17.9
“ 0.27

4.846

Inserting the preceding values for Q, and in

equation 43, which may be written:

Pb
we obtain

= I + = I + 3.00 /.
0.27 87s

Assuming that during the combustion there will be no loss of

heat to the cylinder walls, thus/ = i, then

Pc = 4.00

In a non-scavenging engine this value, = 4, is obtained
“b

very rarely, and for ordinary running a very good result would
p

be -5^ = 3.75, which corresponds to an initial pressure 304 poimds
Pb

above the atmosphere.

p
Assuming = 3.75 to be a normal value for good cards,

Pb
then/becomes 0.917, showing a loss to the combustion-chamber

walls of 8.3 per cent of the total heating-value.

The maximum temperatme at the combustion will be obtained

from equation/Q = •S'^ — Tj), which for/ = 0.917 becomes

0.917 X 708 = 0.27 {T^ - 875).

Thus, T, = 3280° F.

This value is near enough to the assumed value = 3400°

F., on which the computation for the mean was based, to

make it unnecessary to carry through any correction.
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Heat-loss at the Combustioni.—It may be possible to get an

approximate idea about the amount of heat that reasonably can

be expected to dissipate into the metal of the combustion-chamber,

during the short time the combustion is in progress, through

comparison with the total heat that becomes dissipated into the

water-jacket during the time of the whole cycle.

Assume a 24 X 36 single-acting engine of a piston speed of

600 feet per minute. Thus, 100 revolutions per minute, or

revolution per second.

The indicated power of this engine is

45 _ 3i4>i6o5 _ j jj j,

4Z)i 4X2.55

Hence the heating-value transferred into indicated horse-

power is:

per minute i8o X 42.42 = 7636B.T.U.,

per second = 127 B .T . U.,

or percycle = 152.72 B.T.U.

From tests it is known that in an engine of this class there is

dissipated into the water-jacket, generally, heat amounting to

somewhat more than that transformed into indicated power.

Assume that 10 per cent more heat is dissipated than that obtained

as indicated power. Thus, a total of 168 B.T.U. per cycle.

Add to this heat-energy again 10 per cent of the heating-value

accounted for by the indicator card, or 15 B.T.U., to allow for

the heat which is returned to the charge during the later part of

the expansion-stroke. This percentage is ample as, actually,

entropy-temperature diagrams generally show not much over

one-half of this amount.* Add also the heat which the incoming

charge absorbs, from the cylinder, which, according to page 113,

is about 24,300 B.T.U. per hour, or, 8 B.T.U. per cycle.

168 + 15 -I- 8 (= 191) B.T.U. is, accordingly, abstracted

from the working gases, during the latter part of the compression-

stroke, during the explosion and during the beginning of the

expansion-stroke. During the latter part of the expansion-stroke

* Compare “ Entropy Analysis of the Otto Cycle.” S. A. Reeve, Transact. Am.
Soc. Mech. Engs., Vol. XXIV.
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and during the exhaust-stroke the gases are of such an essentially

lower temperature than at the early part of the expansion that no

heat can then pass from them into the metal—the opposite might

rather be the case, at least during part of the period.

Assume, therefore, that all the heat is abstracted during

one-half of one revolution, or during X X f = xV second.

Thus, 1 91 B .T . U. is abstracted in of a second, or at the mean

rate of 637 heat-units per second.

The mean temperature of the gases during the combustion

is, of course, practically the same as their mean temperature

during the expansion, but, the metal of the combustion-chamber

being at the former period comparatively cold, it is to be assumed

that the rate at which heat is abstracted then is much greater

than during the time of expansion. A fair assumption would,

probably, be that the rate of which heat is abstracted during the

combustion is twice the mean rate at which it is abstracted during

the entire period of heat-loss.

At that rate there would be abstracted during the cohibustion

1,274 heat-units per second, and as the average time for: a proper

explosion is, say, 0.04 of a second, the total amount of heat dissi-

pated during the explosion becomes 50 heat-units. Assuming

the thermal efficiency to be 25 per cent, then the heat dissipated

30 X 0.23
into the metal of the combustion-chamber becomes =

152.72

8 per cent of the total heating-value.

The above results are, of course, founded on several assump-

tions that cannot very well be proven to be exactly correct, but

if the assumptions are reasonable the results wiU tend to show

that the heat-suppression observed, in connection with any good

combustion in the cylinder, can very well be explained, since the

specific heat increases materially at high temperatures, and since

the metal of the combustion-chamber actually absorbs, during the

combustion, from 5 to 10 per cent of the total heating-value

liberated.

The Effect on the Expansion-Line of the Diluting of the

Charge.—^In Fig. 38 are drawn three curves, the first an isother-

mal curve, the second and third adiabatics for n = 1.25 and for

12
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Q
n = 1.3. It is evident that the smaller the ratio — = n Is the

nearer to the isothermal line the expansion line will fall, and the

greater the M,E,P. and area of the indicator card becomes.

In a card from a diluted mixture, the mean effective pressure

is often higher, relatively to the initial pressure, than in a card

from a normal mixture, and this may be thought to be due to the

difference in the specific heat of the combustion-products from

the diluted mixture and from the normal mixture. If it be

assumed, however, that the specific heats of the elementary gases

increase with the temperature in the rate Table XVIII, page 173,

shows then, this cannot be the case.

. Computings similarly as on page 175, the specific heats of the

products of combustion from gasoline, including 15 per cent excess

air, at the mean temperature 1,900° F., we obtain the following:

Combustion -

Products, lbs.

C O2 3.0X0.362 = 1.086

H2O 1.4X0.799 = 1.118

N 13.0 X 0.286 = 3.718

O 0.5 X 0.251 = 0.125

6.047

Combustion -
Products, lbs.

3.0 X 0.317 = 0.951

1.4 X 0.690 = 0.966

13.0 X 0.218 = 2.834

0.5 X 0.190 = 0.095

17-9 ^^617.9
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17-9
0-338 c„=

— = 1.2^ — n.

4- 846

17-9
0.27

On the other hand, assume that the mixture be diluted with

the same quantity of air that is actually required for its combus-

tion; it accordingly being charged with about 15 pounds excess air.

The mean temperature at the combustion will then be consid-

erably less than before, approximately only 1,500° F.

The computation for the specific heat of the products of

combustion of gasoline-fuel diluted with 100 per cent excess air,

at the mean temperature 1,500° F., will be:

Combustion ^ Combustion *
Products, lbs. Products, lbs.

CO, 3.0 X 0.324 = 0.972 3.0 X 0.279 = 0.837

H,0 1.4 X 0.718 = 1-005 1.4 X 0.609 0.853

N II. 6 X 0.276 = 3.202 II. 6 X 0.209 ~ 2 424
Air 15.0 X 0.267 = 4-005 15.0 X 0.199 = 2.985

31.0 9.184 31.0 7.099

9.184 . ^ 7-099S= -0.296 = 0.229

As the lowest of the curves, Fig. 38, represents the expansion-

line for a diluted charge, it is evident that the change in the specific

heat of the combustion-products, due to the diluting of the charge,

does not have for effect the raising of the expansion-line; rather

the contrary. That the expansion-line from a diluted charge

often is higher relatively to the ini^ pressure than the expan-

sion line from a normal charge depefids, it must be concluded,

on some other cause apart from its dilution.

The Relation between Initial- and Mean Effective Pressure.

—

The value of the coefficient y is, according to equation 53, page

40,

^ m.e.f. {n- i) (r - i)

^ (pc — Pb)
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In order to give this formula a practical application, we solve

the value of y for each of the following six cards from an engine,

under test, working on kerosene and gasoline fuels. The engine,

an Otto hit-or-miss, 6^ X 15K, i5 brake horse-power engine,

was arranged with a special vaporizer for using kerosene.

Fig. 39. Cards from Engine-Test on Gasoline and Kerosene.

The maximum-, the mean effective-, and the compression-

pressures are noted on each card. •

The actual compression ratio of the engine is 3.9 to i, which,

compared with the compression pressures obtained, shows that

the charge, at the beginning of the compression stroke, was of a

pressure somewhat less than that of the atmosphere. We obtain

the factor r — i = 2.9.
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The value of the coefficient E, on the basis of a compression

ratio 3.9 to r, is £ = 0.372 and n — 1 — 0.35, approximately.

Hence, the factor —— ^ = 2.72.
Jcj

Inserting the values of m.e.p. and — p^ in the equation

y = 2.72 and solving for y we obtain the following;
Pc — Ph

Card. M. E, P. pc. pb. po - pb. y.

I 85.6 404 60 344 0.7

Kerosene ... II 76.1 320 54 266 0.8

III 79-7 310 52 258 0.83

IV 96.4 309 58 251 1-05

Gasoline . . . i

1

V 104 -s 326 59 267 1 .07
1

1
VI 100.7 276 58

'

218 1 .26

If the figures for the cards II and III of the first group be

compared we find that, although the initial pressure of card III is

the lowest, yet its mean effective pressure is the highest. This

we find more in evidence by comparing the figures for cards IV

and VI of the second group. VI having, by far, the lowest initial

pressure, yet, its mean effective pressure is the highest.

The mean effective pressure of the actual indicator cards we

find, thus, essentially independent of the maximum pressure, and

the actual area of the card is, as the coefficient y shows, from 30

per cent less to 26 per cent larger than the area of the theoretical

card. The variation in the value of the coefficient y we find to

be, to some extent, due to the fact that the maximum initial

pressure is more or less pushed back away from the head-end of

the card.

On each card of Fig. 39 there is drawn an expansion line

yw-Ni-ss
following the equation j? =

j
Py> by which the actual and

the theoretical expansion lines, as well as the areas of the actual

and the theoretical cards, may be compared.

The nature of the fuel, the temperature of the charge, the
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proportioning of the mixture, as well as the timing of the ignition,

all have influence on the slope of the combustion line, as well as

on the appearance of the card at the high point of maximum
pressure. Thus we find that the kerosene cards, which were

taken with the fuel- and air-mixture arriving to the engine heated

to a temperature not less than 600° F., have a much quicker

combustion-line, and are sharper at the high point than the

gasoline cards, which were taken with the fuel arriving cold and

probably less thoroughly vaporized. The expansion lines of

the kerosene cards drop, however, quickly below the theoretical

expansion line, which evidently is due to the quicker combustion

and consequently higher momentary combustion-temperature,

whereas the expansion lines of the gasoline cards all show a

tendency to keep above this line.

The correctness of the information that the coefficient y will

give is not absolute, but it will be close enough for a comparison

between cards from different fuels, and particularly so if the cards

are all taken from the same engine. It wiU be apparent, that the

coefficient expresses simply the ratio between the mean effective

pressure obtained from the actual card and the theoretical mean

effective pressure of the air-card. In order, then, that its value

shall be reasonably correct it will be required that we shall use

in the formula the correct expansion ratio (this ratio is assumed

to be the same as the compression ratio) and therefore the true

clearance space in the engine must be known.

To illustrate the influence the employment of an incorrect

expansion ratio would have on the result given by formula 53,

there are in card VI, Fig. 39, drawn two curves, the lower being

the correct one for an expansion ratio 3.9 to i and the upper for

an expansion ratio of 3.5 to i. The upper curve, enclosing a

materially larger air-card area, will give a materially smaller

value of the coefficient y. The difference will, however, be of

minor importance when the object is simply to compare the

different cards on the same basis.

For such cards as shown in Fig. 40, taken on a light load and

with the charge throttled, or diluted, considerably, the coefficient

y may become very large, but it has in such cases no significance
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as the card, then, does not even approximately follow the theory

laid down for the cycle. In others, it may be considerably less

than the unit, giving evidence of a cold cylinder or leaking valves.

In card IV, through the point x, which, according to the theory,

should have been the starting-point for the actual expansion

curve, there is drawn a theoretical expansion line (« = 1.35).

The area below this line is to some extent smaller than the area

below the actual expansion curve, and the work represented by
the area between the theoretical and actual expansion lines

represents the heat added after the beginning of the expansion.

This heat is evidently obtained from the heated metal of the

cylinder; and the fact that the actual expansion line often rises

above the theoretical line toward the end of the stroke, after the

cylinder has become well heated, may to some extent help to

explain the phenomenon that heat appears to be suppressed at

the beginning of the cycle to reappear, later, during the expansion.

At the tests of the kerosene and gasoline fuels, during which

the cards, Fig. 39, were taken, the average fuel-consumption, and

the efficiency of the heat transformation, were as follows

:

Kerosene. Gasoline.

Fuel consumption per hour per I .H . P. lbs. 0.675 0.709

Fuel consumption per hour per B .H . P. lbs. o . 873 o . 894

Average efficiency for all tests 20.21 17.9

Maximum efficiency at one test 24.89 20.7

The circumstance will be noticed that, although the coefficient

y of the gasoline cards, and the cards themselves, appear much
more favorable with respect to an efficient utilization of the heat,

stiU, the kerosene gave actually a materially higher, efficiency.
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which fact tends to show that the individual indicator card, though

it tells how effectively the heat was utilized after having been

evolved in the combustion-chamber of the cylinder, cannot tell,

excepting by comparison with some standard, how effectively the

heating-value of the fuel was realized at the combustion.

Explosive Waves.—When indicator cards are taken from gas-

•engines, there occasionally will appear cards, the expansion line

of which shows irregularities that are hard to explain. Sometimes

the expansion line, instead of being a smooth curve, becomes a

wave-line consisting of a number of undulations, as Fig. 41.

JBerthelot, the French scientist, explained the phenomenon as

being due to, what he called, explosive waves in the cylinder.

Investigations have shown that, if the charge becomes agitated

during the compression, then the combustion is likely to be

followed by violent waves, and experimenters have purposely

produced agitation of the charge, by special means, in order to

obtain such waves and to verify the cause of them.
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In practice the agitation is assumed to originate from un-

dulations in the charge set up through the action of the com-

pression. Compression waves are occasionally observed on the

indicator card, as in Fig. 42, and they are sometimes accompanied

by more or less violent undulationso! the expansion line, as at the

top of card. Fig. 42. It cannot be presumed that the waves in-

dicated on the diagram represent, in,every cttse, truly the fluctua-

tions of pressure obtaining in the'' cylinder. TKat cannot be,

because the inertia of . the indicator pencil-arm and mechanism

must exert a considerable infltience. on the wave-line indicated,

due to the extraordinary rapid motion given tp it. Wave-line^,

Such as shown in Fig. 43, may be entirely due to the inertia of the

indicator pencil-arm and mechanism, just as corresponding waves

are obtained on the steam-engine card.
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There are often vibrations produced on the indicator-card that

can readily be obliterated, by effecting an alteration in the con-

nection between the indicator and the inside of the cylinder.

Between the combustion-chamber and the tap for the indicator

there is often a chamber for the accommodation of the valve that

closes the indicator opening to the cylinder, when the instrument

is removed. In this chamber there is likely to occur secondary

explosions that distort the true expansion line due to the actual

pressure in the cylinder, and, to prevent this, a pipe should be

fitted, leading from the

opening in the cylinder

direct to the indicator.

Sometimes, when the

explosions are powerful,

due to a rich mixture and

early ignition, the top of

the card will consist of a

series of vibrations, which

are evidently due to the

springing of the instru-

ment, and may be aggra-

vated by the springing and vibrating of the metal of the engine

forming the combustion-chamber. A card of this nature is

shown in Fig, 44.

Occasionally the vibrations of the pencil-arm may be extremely

violent, at the beginning of the stroke, and disappear during the

expansion, resulting in a card as Fig. 45. This card was taken

during two explosions and represents evidently a combination of

vibrations due to pre-ignition and explosion waves.

This subject of explosion waves is not, at present, very fully

understood, and engineers are at work trying to solve the mystery

surrounding the matter. It is, however, apparent that the variety

of explosion waves represented by the indicator is not due to a

single cause only.



CHAPTER IX

THE FLY-WHEEL

Four-Cycle Engine-Types.—^The four-stroke cycle, or four-

cycle, engine is built single-acting or double-acting, and. is often

arranged with two or more cylinders working on a common shaft.

With respect to cylinder arrangement, the following nine

types are common for medium-sized and large stationary engines.

Types II, III and VI are, however, less frequently used than the

others.

TYPE I

Single-Acting One-Cylinder Engine

In this engine-type there occurs one pressure-stroke every fourth stroke of the
piston. The cycle commences with the suction-stroke and the piston moving away
from the valve-end of the cylinder. The next stroke becomes the compression-
stroke, when the piston moves toward the valve-end. The third stroke is the
expansion- or pressure-stroke, the piston moving away from the valve-end, and the
fourth stroke is the exhaust- or discharge-stroke, when the piston again moves
toward the valve-end of the cylinder. Each stroke corresponds to a course of i8o
degrees by the swing of the crank; the whole cycle, therefore, occupying 4 times
180 degrees or 720 degrees.

The cycle is conveniently represented in a scheme as the following:

Valve
End.

Suction
0° 180®

Compression
360°

Expansion

Exhaust
720°

187

540'
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TYPE II

Single-Acting Two-Cylinder Opposed Engine

The scheme for the cycle will be:

Valve
End.

Cylinder No. i.

Suction

i8o°

360®

720°

Compression

Expansion

Exhaust
540°

Cylinder No. 2.

Compression
180®

Expansion

360" ~T
Exhaust

540®
Suction

720®

Valve
End.

The expansion-strokes occur ever>' second time 180 degrees and every second
time 540 degrees apart.

TYPE III

Double-Acting One-Cylinder Engine

The scheme for the cycle will be:

Valve
End.

Head End.

Suction
180®

Crank End.

Compression

Compression Expansion

3 <5oO 360®
Expansion Exhaust

-540®
Exhaust Suction

720° 00

Valve
End.

The expansion-strokes occur every second time 180* degrees apart and every
second time 540 degrees apart, the same as in Type II. *
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TYPE IV

Single-Acting Two-Cylinder Twin Engine

The scheme for the cycles will be:

Right-hand Cylinder. Left-hand Cylinder.

Valve
End.

Suction
i iSo°

Expansion

Compression Exhaust
1

^ Expansion End.
'

f

300 ‘

Suction
540

Exhaust
^20®

^ Compression
720®

180®

540®

TYPE V
Single-Acting Two-Cylinder Tandem Engine

The scheme for the cycles will be:

Rear Cylinder.

Suction
180®

Valve ^
Compression

540“
Exhaust

Front Cylinder.

Valve
End.

360°

Expansion

Exhaust

Suction

Compression

180®

540°

720' 720'
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The expansion-strokes of the two preceding engine-types

occur uniformly 360 degrees apart.

TYPE VI

Twin Single-Acting Four-Cylinder Opposed Engine

The scheme for the cycles will be:

Left-hand Engine,

Valve
End.

First Cylinder,

Suction

Compression

180°

Second Cylinder.

Exhaust
^ 180°

360°
Expansion

360°

540°
Exhaust

720® 720°

Suction

Compression

Expansion
540

°

Valve
End,

Right-Hand Engine.

Valve
End.

Third Cylinder.

Expansion
180®

Exhaust
360°

Suction

Fourth Cylinder.

Compression
180°

Expansion
360°

Exhaust

720°
Compression

540
°

Suction
540

°

720®

The expansion-strokes occur every 180 degrees apart.

Valve
End.
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TYPE VII

Double-Acting Two-Cylinder Twin Engine

The scheme for the cycles will be:

Right-hand Cylinder.

Valve
End.

Head End.

Suction
180^

Compression
3600

Expansion
540°

Exhaust
720®

Crank End.

Exhaust
180®

Suction
3600

Compression

Expansion
720®

Valve
End.

Left-hand Cylinder.

Valve
End.

Head -End.

Expansion
> 180®

Exhaust
360®

Suction

. Crank End.

Compression
180®

Expansion
360®.

Exhaust

Valve
End.

720®
Compression

540°
Suction

540°

720®

The expansion-strokes occur 180 degrees apart the same as Type VI.
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TYPE VIII

Double-Acting Two-Cylinder Tandem

The scheme for the cycles will be:

Front Cylinder.

Valve
End.

Head End.

Suction
180°

Compression
360°

.
Expansion

540°
Exhaust

720®

360°

720°

Crank End.

Exhaust

Suction

Compression

Expansion

180®

540°

Valve
End.

Rear Cylinder.

Head End. Crank End.

Expansion
i8o°

Compression

Valve
360®

Exhaust
360°

Expansion

End.
Suction

540°

Exhaust

00
Compression

720°
Suction

The expansion-strokes occur every 180 degrees apart.

Valve
End.

TYPE IX

Twin Double-Acting Tandem Four-Cylinder Engine

When the cranks are set go degrees apart, which is the most favorable for

smooth running, there are obtained two sets of cycles according to the preceding
scheme, and they are offset 90 degrees toward each other, giving one expan-
sion-stroke eveiy 90 degrees apart.
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Fly-Wheel Theory.—The Tangential Crank-Effort.—^The

tangential crank-effort, or the force representing the driving effort

at the crank-pin in a tangential direction to its orbit, varies

materially for different positions of the crank. It is always zero

at the beginning and at the end of each stroke, and between these

points it may be in a direction so as either to accelerate or retard

the forward motion of the wheel.

The variations in the tangential crank-effort for successive

positions of the crank-pin may be represented, graphically, by a

crank-effort curve plotted from the pressures known to exist in

the cylinder for successive positions of the crank.

The Crank-Pin Presstire.—^Fig. 46 is a normal indicator

diagram representing the four-stroke cycle, on which are drawn
nine ordinates perpendicularly to the atmospheric line A B. The
distance between the atmospheric line and any of the four lines of

the cycle, the suction-line, compression-line, expansion-line and

exhaust-line, measured on any of the ordinates, represents the

pressure on the piston at a corresponding point of the stroke.

This pressure is, by means of the connecting-rod, transmitted

to the crank-pin, but it is materially modified by a force evolved

at the acceleration or retardation of the reciprocating parts. The
latter force tends to relieve the pressure on the crank-pin at the

beginning of each stroke, by subtracting from the effective pres-

sure on the piston, and at the end of each stroke it tends to increase

13
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the crank-pin pressure, by adding to the effective pressure on the

piston.

The Accelerating Force.—^The force required to accelerate (or

to retard) the reciprocating parts at the head end of the piston-

stroke is

-Pi = + 7)* • ' • (100^)

and the force required to accelerate (or to retard) the reciprocating

parts at the crank end of the piston-stroke is

P, = + -
12 G
g (-7) (looc)

At the point X, Fig. 47, where the velocity of the crosshead

changes from an accelerating to a retarding one, the force is

P. = ±0. (loox)

The notations in these equations are:

Pj, P2, Pj, the accelerating or retarding force in pounds;

G the total weight of the reciprocating masses;

TT T'

V the velocity of the crank-pin, in feet per second, =
;

N the number of turns of the wheel, per minute;

g the acceleration due to gravity === 32.16;

r the crank-radius, in inches;

I the length of the connecting-rod, in inches.

The numerical factor of the equations for the force due to the

acceleration of the reciprocating parts, for the following three

ratios of r to I, becomes,

r

1

12

7 (- 9 -

t(-7)-

0.448 0.441 0-435

0.298 0.304 0.310

* For the derivation of this expression see page 472 of the Appendix.
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Y
The ratio

-j
being seWom more than

-I-
nor less than we

may say, with a fair approximation for any practical case, that

y + ^j
= 0.441,

and y (i - y)
= 0.304.

As, in the indicator diagram, pressures are represented by
pounds per square inch of the piston area, it will be convenient

to express the accelerating forces also in pounds per unit area of

the piston. This may be done by dividing each side of equations

-Looh and 100^ by the area of the piston, whereby is obtained:

The force, per square inch piston area, required for the

acceleration (or retardation) of the reciprocating parts at the head

end of the stroke.

Pi G
^=4^0.441 — y, . . . iiooh-a)

and the force, per square inch piston area, required for the acceler-

ation (or retardation) of the reciprocating parts at the crank end

of the stroke.

—=4^0.304^— . . . . (looc-a)

The force, per square inch area at the point X
p
^ O, {loox-ci)

72
If in these equations be inserted the value of — expressed by .

the number of revolutions we obtain

P G
Y = ±_ 0.000034 -pN^r, . .

. (loxh)
~

P G
and ST = + 0.000023 — ISP r. . . . (loic)

r Jr

These equations^ it should be noted, are correct only when

I ^ but in any practical case they are silfl&dently dose

appro^mations.
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Tables of Weights of the Reciprocating Parts.—^The weight,

G, of the reciprocating parts for an engine not being definitely-

known, generally, at the time the crank-effort diagram is due

to be laid out, it becomes convenient to give this factor an ap-

proximate value, in accordance with previous practice -with

engines of types similar to that of the one in hand.

The following tables give the usual weight of the reciprocating

parts, per square inch piston area, for various classes of engines

and for different cylinder sizes. From them may be selected a

value for G smtable for most any case.

In the weight of the repiprocating parts there should properly

be included K of the weight of the conhecting-rod; K of its

Q
weight being counted as revol-ving. The weight, — ,

of the re-

ciprocating parts per square inch of the piston quoted in the

tables includes a proportionate part of the weight of the connect-

ing-rod.

TABLE XIX.

For Automobile Engines

Cylinder diameter, inches: 3K 4 4X
Length of stroke, inches: 4 5 6

G"
— per each cylinder:
r

0.8 0.9 I.O.

TABLE XX.

For One-Cylinder Single-Acting Four-Cycle Engines
’.z.

Diameter of cylinder less thin 6" 6" to 12" 12" to 18" H to

G
, 2.‘tO 2 . 5 2.5 to 4 4 tos A. *7^ tn C

F

Large Engines with Water-cooled Pistons.

For double-acting, single-cylinder four-cycle engines: use for

estimate 9 poimds per square inch piston area.

For double-acting, single-cylinder two-cycle engines: use for

estimate 9 pounds per square inch piston area.
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For double-acting, two-cylinder, tandem engines: use for

estimate 17 pounds per square inch piston area*

The Acceleration Curve for the Reciprocating Parts.—^InFig. 47
are represented the paths for the piston-pin and crank-pin, with

the crank and connecting-rod shown in the positions they occupy

when the connecting-rod is tangential to the path of the crank-pin.

T
The ratio

j
may be assumed to be 5,5. At point A, representing

the beginning of the outward stroke of the piston, we offset, on

the negative side of the base-line, A B, and to the same scale as

p
that of the indicator card. Fig. 46, ^ C = = the accelerating

I*

force per square inch of piston area, and at the point B, represent-

ing the end of the stroke, we offset, on the positive side of the

p
base-line, B D ^ At X, at which point the connecting-rod

r

stands tangential to the crank-pin circle, the velocity changes

from an accelerating to a retarding one, and the accelerating force

is in that point^ = O.

The distance x of point X from the perpendicular M M,
representing the middle of the piston travel, changes slightly for

different ratios y. It becomes

for
y

= i -j-V i

X — 0,07 r 0.08 r 0.09 r,

but as a mean it is, x = 8 per cent of r, and for convenience this

value may be used in all cases.

After locating the point X, on the base-line A B, the proper

distance from M M, we draw a smooth curve through the points

CXD, and obtain then the curve of force due to the acceleration

of the reciprocating parts. The accelerating force for the return

stroke will be negative at B and positive at A, and the curve of

forceHXK due to the acceleration of reciprocating parts for the

retiurn stroke will cut the base-line A B at X.
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The curves CXD and HXK are parabolic, but they may,

without appreciable error, be drawn as circular arcs.

The Continuous Diagram of the Horizontal Force on the

Crank-Pin.—^For the sake of better clearness we re-draw the

normal diagram representing the pressure in the cylinder during

the cycle, and give each stroke of the piston a separate space, so

as to obtain a continuous pressure-diagram as shown in light lines

in Fig. 48.

Each stroke is subdi\ided by nine ordinates, the spacing of

which corresponds to nine consecutive positions of the crank-pin,

spaced 18° apart, and counted from the dead centres. The

manner of obtaining the spacing for the ordinates is shown in

Fig. 47, and, when transporting it to the four strokes of the dia-

gram, Fig. 48, it will be necessary to note the difference between

the spacing toward the head and crank end of each stroke, and

place it accordingly.

Offset in Fig. 48 the negative or positive accelerating forces

due to the reciprocating parts, at the beginning and at the end of

each stroke, observing that the greater positive or negative force

is always plotted on the ordinate toward the head end of the stroke.

Locate the cutting point X, on the base Kne A B, 0.08 r from the

mid-stroke ordinates M M, toward the head end of the stroke,

and draw the curves of force due to the acceleration of the recipro-

cating parts, as shown in the diagram in broken lines.

The diagram can conveniently be drawn to a scale so as to

make the full length of it 12 inches, and to a vertical scale 100

pounds per inch.

We can now combine the continuous pressure-diagram and the

curves of force due to the acceleration of the reciprocating parts,

by adding, or subtracting, the pressures at the various ordinates,

and obtain the curves shown in heavy lines in the diagram. The

ordinates under these curves represent the resultant horizontal

pressures on the crank-pin. The pressures are positive, represent-

ing a promoting force, when they appear above the base-line, and

negative, or a resisting force, when they appear below the base-

line.

The Tangential Crank-Pin Pressure.—To transform the result-
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ant horizontal pressures on the crank-pin into tangential crank-

pin pressures proceed as follows:

Draw a circle, A O, Fig. 49, representing the crank-circle, and

divide the circumference in twenty equidistant points and number

them consecutively in accordance with the numbering on the

diagram, Fig. 48. Draw radial lines of proper length through

points I, 2, 3, 4, etc., and on each of these offset from the points

I, 2, 3, 4, etc., the lengths of the resultant horizontal crank-pin

pressures taken from corresponding points of the diagram. Fig. 48.

Thus we have, for instance, for stroke III of the cycle, the lengths

I — a, 2 - 3 — c, 4 — d, etc., in Fig. 49 plotted to the same

length as i — a, 2— b, 3-c, 4— d, etc. Fig. 48.

Draw, further, the centre-line of the connecting-rod for each

crank-position, as; i — Sj, 2 — Sj, 3 — ^3, etc. The lengths of

the perpendiculars drawn toward A B, from each of the points

a, b, c, etc., to the centre-line of the connecting-rod for the

corresponding crank-position will be the tangential crank-pin

pressures for the positions i, 2, 3, etc.*

Lay off, in this manner, the length of the tangential crank-pin

pressure for all points of the cycle.

The Tangential Cank-Efiort Curve.—^Let A B, Fig. 50,

* For proof of this see page 475 of the Appendix.
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represent the length of the crank-pin orbit for one complete cycle.

That is, for a four-stroke cycle, AB = 2L represents 4 rr.

Erect GO. A B four groups of equidistant ordinates, each group

containing ten ordinates representing one stroke of the cycle.

Number the ordinates in degrees, or in conformity with the

numbering of the crank-pin circle. Fig. 47; plot, on each, the

tangential crank-pin pressme for the corresponding point, taken

from Fig. 49; and through the points thus obtained 'draw the

curve as shown.

This ciuve is, then, the crank-effort curve, and it shows the

intensity and direction of the tangential effort for every position

of the crank.

The Areas of Work Performed.—The areas below and above

the base-line A B represent the negative, or positive, work trans-

mitted from the fly-wheel to the crank-pin, or from the crank-pin

to the fly-wheel of the engine, and the algebraic sum of all

the areas represents the total work done during the cycle. This

sum should be determined—most conveniently by means of a

planimeter—and let it be called A square inches.

The average value of the tangential effort for the cycle, in

pounds per square inch piston area, is the ratio

2L

when 5 , is the vertical scale of the diagram, in pounds per inch.

The force T we mark off on the diagram, above the base-line

A B, a& A C, and draw the horizontal line C D. The area

A B D C represents, then, the total work done during the

cycle = A-^ foot-pounds per square inch piston area.

The work Ai can be expressed by the relation

A, = ^n— T,
12

or by A^ = 2-^P^^

when is the mean effective pressme of the indicator-card.

Hence we obtain T = — pounds.
2 n
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52.
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The height 4C of the dia-

gram should check with this

value of r.

Let each of the areas be-

low and above the line C D
be designated by the letter it

contains; the area n-^v^ thus,

representing the work done

during the expansion-stroke

and u, V and w the narrow

areas between the base-line

A B and the line C D below

the areas m, n and 0 , We can

then write

-1- (w+t;) + (p + w) +

-(/> + ? + r)
=

Hence, m-^n-\-o = p-^q-\-r.

That is, according to the

diagram, the sum of the areas

above the line of normal ve-

locity, C D, is equal to the

sum of the areas below.

That this must be so is

self-evident, because the same

amount of work that the

wheel absorbs, at high veloc-

ity, it must deliver when the

velocity is below normal.

It is further evident that

the largest area of accelera-

ting work, above or below the

line of normal velocity, C
will cause the wheel to deviate

the farthest from its normal

speed, and that the weight of
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the fly-wheel should, therefore, be determined with respect

to this area.

In Fig. 50 the area n is, according to measurements, the area

of maximum accelerating work, and its value we assume to be

“a” square inches. If L has been made proportionately to the

length c of the indicator card, and the vertical scale of the diagram

the same as the vertical scale of the indicator card, thus L = it c,

and = S, then the area a represents directly, in terms of the

area of the indicator card, the maximum accelerating work in

foot-pounds. But as the length L, as well as the vertical scale,

may have been chosen arbitrarily, we have generally the area of

the maximum accelerating work = ^
The total work.generated during one cycle, per square inch

2 ^
of the piston, is — foot-pounds, and it is represented by the

p '

area of the indicator card = c,

r being the crank-radius, in inches;

the mean effective pressure of the indicator card, in pounds;

5 the scale of the indicator-spring; and

P
thus, the mean height of the card, in inches.

/If v;e call the quotient

:

The area of maximum accelerating work

The area of total work per revolution

we find for a four-cycle single-acting one-cylinder engine

/ =

Si It c

y T a

103

The factor/ is called the coefficient for maximum fluctuation

of energy, and it is dependent to some extent on the speed of the

engine and on the weight of the reciprocating parts, but for engines

of similar type and speed it will be found to be in a marked degree

constant.
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Equation 103 is correct when there is only one expansion-

stroke for each two revolutions. For double-acting or multiple

cylinder engines with i, 2, or 4 expansion-strokes per revolution

the value of a will change somewhat and the denominator will be

increased 2-, 4- or 8-fold.

The Coefficient of Maximum Fluctuation of Energy.—Single-

Acting, One-Cylinder Engine.—By measurement of the diagram,

Fig. 50, we find a == 1.8 square inches, L = 4.71 inches, ==

P
70 pounds, 5i = 70 pounds per inch, and thus,

Oi

TT / 2X3.
Hence, f = —

= 1.00.

Double-Acting, One-Cylinder Engine.—In the double-acting,

four-cycle engine, the expansion-strokes follow each other at

intervals of 180 and 540 degrees apart, measured by the swing of

the crank. It may be thought, therefore, that by displacing two

tangential-effort curves for a single-acting engine 180 degrees from

each other and combining them we should obtain the effort-curve

for the double-acting engine. This is, however, not strictly so,

since the force due to the acceleration of the reciprocating parts

will be different in the forward stroke from what it is for the return

stroke of the piston, due to the influence of the connecting-rod.

The effort-curves for the forward and return strokes become,

therefore, somewhat different.

In Fig. S3 is shown the continuous diagram of the horizontal

force on the crank-pin for a double-acting one-cylinder engine,

and from it is obtained the crank-effort curve. Fig. 54.

It will be noticed that, while the area q detracts some from

the excess velocity of* the wheel, given it by the area m, only a

small decrease in velocity will be effected before the area n again

effects an increase. It is evident that, in this case, the area m -I-

n — q will be the maximum area of accelerating work.

By measurement we obtain:

The maximum area of accelerating work — q^a^
2.4 square inches, and therefore the coefficient of maximum
fluctuation of energy
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IG.

56.
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a

M 4.71X1.00

Single-Acting, Two-Cylinder Opposed Engine.-—The recipro-

cating parts will in this type be of the same influence during all

expansion-strokes and during similar strokes of the cycle for both

cylinders. By displacing two tangential-effort curves for a single-

acting engine 180 degrees, and combining them, we obtain, there-

fore, the effort-curve for the two-cylinder opposed engine. The
resulting curve will be practically the same as that shown in. Fig.

54, and the coefficient of maximum fluctuation of energy becomes

a

Single-Acting, Two-Cylinder Twin Engine.—In the two-

cylinder twin engine the expansion-strokes follow each other at

intervals of 360 degrees, measured by the swing of the crank.

The reciprocating parts have the same influence during all ex-

pansion-strokes, and the tangential-effort curve can therefore be

obtained by combining two curves of a single-acting, single-

cylinder engine displaced 360 degrees from each other.

Fig. SS represents two curves for single engines, which are

displaced 360 degrees, and the combined curve is shown in heavy

lines.

The area n of maximum accelerating work measures a = 1,56

square inches,

The coefficient of maximum fluctuation of energy becomes

a

S,

Single-Acting, Two-Cylinder Tandem Engine.—^The expansion

strokes follow in this type at intervals of 360 degrees, measured

3.14X1.56 ~ i,OA,
4.71 X 1. 00
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by the swing of the crank, and, as the influence due to the

acceleration of the reciprocating parts is practically the same

as for two single-acting single engines, the tangential-effort

curve can, also in this case, be obtained by the combination

of two curves for single engines, displaced 360 degrees from

each other.

Fig. 55 is such a curve from which there is obtained as before:

The maximum area of accelerating work a ^ 1.56 square

inches. The coefficient of maximum fluctuation of energy

/ =

a

Pmc
1.04.

Twin Single-Acting, Four-Cylinder Opposed Engine.—The
expansion-strokes follow each other in this type at every stroke

of the engine. To construct the tangential-effort curve we com-

bine the curves for two two-cylinder opposed engines, displaced

180 degrees, and obtain the curve Fig. 56.

The maximum area of accelerating work measures a = 0.6

square inches, and the work performed during the cycle is

4 c.

Hence, the' coefficient of maximum fluctuation of energy be-

comes

a

3.14 X 0.6 ^ 2
^4.71 X 2 X 1. 00

Double-Acting, Two-Cylinder Twin Engine.—^The tangential-

effort curve is obtained by combining two curves for a double-

acting single-cylinder engine, as shown in Fig. 56.

The maximum area of accelerating work measures a = 0.6

square inches, and the work performed per revolution is 2^
14
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The coefficient of maximum fluctuation of energy, therefore,

/ = 3- 14 X 0-6

4.71 X 2 X 1 .00
- = 0.2.

Double-Acting, Two-Cylinder Tandem Engine.—The tangen-

tial-effort curve is obtained, also for this type, by combining two

curves for a double-acting single-cylinder engine, displaced 180

degrees from each other.

The coefficient of maximum fluctuation of energy becomes, as

before,

a

f = 0.2.

2
Ŝ,

Twin, Double-Acting Tandem Four-Cylinder Engine.—This

type of engine can be arranged with the cranks set at 180 degrees

or set at 90 degrees to each other. In the former case double

expansion-lines follow each other at intervals of 180 degrees by

the swing of the crank, in the latter case one expansion-Kne occurs

every 90 degrees apart.

When the cranks are set at 180 degrees, the effort-curve is

obtained by superposing two curves of a two-cylinder double-

acting tandem engine, one over the other, and combining them.

The result will be an area of maximum accelerating work twice

the area for the single curve. The area of the total work will also

be doubled, wherefore the coefficient of maximum fluctuation of

energy becomes the same as for the two-cylinder tandem.

or / = Jl
Pme

314 X 1.2 ^
4.71 X 4 X 1. 00

0.2.

When the cranks are set 90 degrees apart, the two curves of a

two-cylinder double-acting tandem engine are combined after

being displaced 90 degrees from each other, and the area of maxi-

mum accelerating work becomes a == 0.4.
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Hence, the coefficient of maximum fluctuation of energy will be

a

3 -4 XC .4 _
^ Pmc 4-71 X 4 X I.oo
^ s.

The deductions of the value of the coefficients /, in the pre-

ceding, have all referred to engines of the four-cycle type. The
coefficients for the different types of two-cycle engines are practi-

cally the same as for the engine of the four-cycle type in which

the expansion-strokes succeed each other at identically the same
intervals. For instance, in a two-cycle single-cylinder engine,

the expansion-strokes occur every revolution, at intervals of 360

degrees by the swing of the crank, the same as in the four-cycle

single-acting twin engine. The coefficient for the maximum
fluctuation of energy becomes also practically.the same as for the

latter type, viz.

:

/ = 1.04.

It will be evident that the coefficient varies somewhat for

different weights of the reciprocating parts, and with the speed of

the engine. Its average values for various engine-types are given

in the second column of Table XXII, pages 220 and 221.

The Weight of the Fly-Wheel-—By the tangential-effort curves

constructed in the preceding, there has been established, for

various engine-types, the maximum value of the work generated,

at one time or other during the cycle, in excess of that immedi-

ately absorbed by the normal resistance. This work, which

tends to accelerate the speed of the engine from its minimum to its

maximum, is for a four-cycle engine:

I H P
maximum accelerating work = 33,000 / -

‘

^ foot-pounds;

I.H.P,
N being the total work generated per revolution.

The function of the fly-wheel is to absorb the accelerating

work, without undue speed-variation. At a change in velocity

from V minimum to V maximum, a wheel of the rim-weight W
pounds absorbs the work
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^ foot-pounds.

Hence the equation for the maximum change in rim-velocity is

= 33 ,
000/,^^^, . (104)

when

I.H.P. designates the indicated horse-power generated;

N the number of revolutions per minute;

W the weight of the fly-wheel rim, in pounds, reduced to the

mean radius;

R the mean radius of the wheel, in feet;

g the acceleration due to gravity;

- V^in. the total change in rim-velocity.

If c feet per minute is the mean velocity of the wheel we have,

approximately,

_ Vmax. “h ^min.

anRN
or we may write c — ———

,

thus

If this value be inserted in the main equa-

tion, which can be written

max ~ ^min) O^max, "b ^mtn.) 2 X S jy >

we obtain

and

F - F •
^ max. ^ rmn.

F„ F •

^ min

33>°°o g 6o fI.H.P.
27C RN^W’

33^,000 g 6o-* f I.H.P.

(105)

The quantity YjSiSt is an expression for the steadi-
c

ness in the velocity of the wheel, which may be made anything

desired. Let this factor be designated by the coefficient andK
^ 5 000 60 ^

let the numerical factor be substituted by its ap-

proximate value, 96,400,000. •
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The formula, becomes, then

w 27 96,400,000f I.H.P.^ = ^ Wn^ (106)

For single-acting, one-cylinder engines the previous formula

may be made more convenient by fixing in advance on an allow-

able rim speed S.

may be written

B? becomes then = — and the formula
40

C I. H.P. , , ,W = , .... (io6a)

I. H.P. being the indicated power of the engine,

N the number of revolutions per minute, and

C a coeflScient varying with the rim-speed.

Value of the Coefficient C.

Rim

Speed

(of

C,

of

Gravity

of

Rim). 3500 Ft.

1

4000 Ft. 4500 Ft. 5000 Ft.

Standard Wheel.

Medium

Heavy

Wheel.

For

Electric

Light

Engines.

Standard
Wheel.

Medium

Heavy

Wheel.

For

Electric

Light

Engines.

Standard

Wheel.

Medium

Heavy

Wheel.

For

Electric

Light

Engines.

Standard

Wheel.

Medium

Heavy

Wheel.

For

Electric

Light

Engines,

K 30 50 70 30 50 70 30 1 50 70 30 50 70

C 22700 27800 53000 17300 29000 40000 1370C 22000 32000 1 1000 18000 26000

Table XXI, page 218, gives values for K suitable for various

services.

If the rim speed be figured at the periphery of the wheel, then,

assuming the outside radius of the wheel, to be i.i of its mean

radius, R, the coefficient, C becomes approximately 20 per cent

larger than the figure given in the table.

The Acceleration Curve for the Revolving Weights.—^The

driving effort acting tangentially on the crank-pin is represented

graphically for all positions of the crank by the crank-effort curve.
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Fig. 50, but by multiplying this force, measured at any point of

W
the cycle, by the quantity — we obtain the acceleration which

the force gives a weight W. The curve, Fig. 50, can, therefore,

be said also to be the acceleration curve for the revolving weight IF.

The Velocity Curve.—Let it be assumed that the distance

A B, Fig. 50, instead of representing the length of the crank-pin

orbit for two turns of the crank, represents the time it takes the

wheel to make two revolutions. This assumption we can make,

because the difference between the intervals of time and the

intervals of space is so small that it would hardly be measurable

in the diagram.

The distance between each two ordinates of the diagram

represents, then, the time for of one turn, and the length of the

mean ordinate between the base-line and the acceleration curve

during the interval represents the average of the variable accel-

60
eration a weight W is given during the elementary time

^ being the time for one revolution.

The increase,in velocity of a moving object during a time-

element is the product of its acceleration and the time-element;

Velocity = Acceleration X Time.

Hence we see, that the area of each figure, such as b a c d,

enclosed by the base-line C D, the acceleration curve and two

ordinates represents the increase in velocity attained during the

time represented by the distance between the ordinates.

In order to represent graphically the increase or decrease in

velocity of the revolving masses during the cycle, we may, there-

fore, integrate the elementary velocity-areas such as AC ab,

b a c d, etc., from the time of the beginning of the cycle at A until

its end at B, plot their sum on corresponding ordinates with line

.4.1 .Bi, Fig. 51, as base, and draw a curve through the points thus

obtained.

For instance, the line gJiis plotted of a length so as to represent

the area AC ab and the length i j to represent the area AC c d,
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and so forth. The increase in velocity is positive when the

velocity-area is located above the base-line C D and negative

when located below. Hence, the length k I represents the area

C A dO — O ef\ the area C A dO being negative, and the area

O ef positive.

The vertical distance between each minimum point and the

next maximum point of the curve is the measure of the increase

in velocity which the revolving masses have attained during the

corresponding time, and if n is the area of'maximum accelerating

work, the distance N M must be the maximum change in velocity

that has occurred during the cycle =
The Displacement Curve.—^The line Cj is the line of normal

velocity, drawn so as to make the sum of the areas above the

line of the same value as the areas below.

The areas, such as gic^a^^ between the line £),, the

velocity-curve and any two ordinates are the product of the

variable excess or deficiency in velocity and the time-element; and

as space also is a product of velocity and a time-element,

Space ^ Velocity X Time,

we may integrate the areas between the velocity-curve and the

line of normal velocity Cj in the same manner the velocity-

areas were integrated, plot their sum on corresponding ordinates

with ^2 -S2 a-s base, and obtain the displacement curve A^EF
Fig- 52-

The ordinates of this curve represent the distance which a

point on the fly-wheel, or any point of the revolving system, is,

at any time, ahead or behind the position it would at the time

have gained with a perfectly uniform velocity.

The point jP, following a period of low velocity, is a minimum
point—a generator pole in the revolving system there being a

maximum distance behind, and £, following a period of high

velocity, is a maximum point, where the pole is a maximum
distance ahead of its position due to uniform velocity.

The Weight of the Fly-Wheel for a Limited Pole-Displace-

ment.—^The areasKN A^H Fig. 51, represent the

total displacement of a pole, counted from the minimum-point to
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the following maximum-point; and in the diagram, which is a

curve for a single-cylinder engine, the sum of these areas measures

Hence, as ^ represents
^

seconds, we have

S = — (V —V-)— feet

It may be assumed, referring to Fig. 52, that, on an average,

That is, we may assume that the fly-wheel deviates three-fifths of

the total distance S^^x. toward one side of the position of normal

speed, and two-fifths toward the other.

The maximum deviation of a pole from the position due to

uniform speed we get

^ = . . . (107)

This Value combined with equation 105 gives for a single-acting

single-cylinder engine

„j- 6.054/ I H P.
f o\W = 10,000,000— . .

. (108)

For multiple-cylinder and double-acting engines the numeri-

cal factor, 6, in the preceding equation 107, will generally be a

somewhat smaller value, but it may be assumed that, under the

most rmfavorable conditions in each case, 5 varies proportionately

the approximation expressed by equation

107 will then apply in all cases.

If the value 6.054/ be designated by a new coefficient, F,, we

obtain the general equation for all engine types:

As

W 10,000,000
P,

ttR

I.H.P.
RN^S •

r

360

(io8a)

when y is the angle of deviation of a point in the revolving system.

therefore. W = 10,000,000
F* I.H.P.

R^N^r
(108&)
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If e is the fluctuation in degrees phase, and P the number of

poles in the generator, we have

2
r = -p^>

F I H P P
and, hence, also W = 10,000,000 - ^

^
. (io8c)

The values of the coefficients F^, F^, and F^ are:

P'1 = 6.054/, ^ 6.054/ and Fa =^ 6.054 /;
2 7Z 4 ;r

and their numerical values for different engine types, expressed

in round numbers, are given in Table XXII.

When the number of poles in the generator is small, equation

106 becomes of higher value than equation io8c, and the wheel

should then be determined with respect to its fluctuation in

velocity.

By equating the formulas 106 and io8c we obtain P =
0.0555 eK;

and hence, when e = 2.5° and K = 100, then P = 13.87;

and when e = 2.5° and K = 150, then P = 20.80.

The minimum number of poles for which, accordingly, the

pole-displacement should be made the basis for the computation

of the fly-wheel weight required for parallel operation of alter-

nators is:

14 poles, when K is required to be 100,

and 20 poles, when K is required to be 150;

€ = 2.5° being assumed to be a minimum value used in practice.

The Fly-Wheel Formulas.—^The weight of the fly-wheel should

be determined with respect to the degree of uniformity of rotation

that will be required for the special service for which an engine is

intended.

As the necessity for extreme steadiness of rotation and heavy

wheels varies n^ateriaUy for different services, and as the type of

the engine has a particular influence on the steadiness a given

wheel wiE impart to the speed, the formula by which the wheel

is computed should, properly, include one factor varying with the
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engine-type and one factor varying with the degree of steadiness

called for.

A general formula filling these requirements, and which is

correct within a very slight approximation, reads:

W Cf I.H.P.
(io6)

^ ^ ^ X gX 33,000 ^C IS a constant == ^
— = 96,400,000, approxi-

4 tt*'

mately;

g being the acceleration due to gravity.

W is the weight of the wheel reduced to the radius R\

I.H .P. the maximum indicated horse-power of the engine,

R the mean radius of the wheel rim, in feet,

N the number of turns per minute,

J the coefficient of maximum fluctuation of energy

Maximum accelerating energy

Total energy developed during one revolution'

X is a coefficient for the allowable fluctuation in speed, expressed

by the ratio of the normal speed to the maximum speed-variation;

,
jc maximum speed — minimum speed

K normal speed

The values ofK and / may conveniently be selected from Tables

XXI and XXII to suit the requirements in any special case.

TABLE XXI.

Values of CoefELcient K Suitable for Various Services.

K
For ordinary industrial purposes, belt drive 25-35
For small electric light installations, direct current, belt-driven ... 50- 60

For pumping machinery direct connected to engine 60-100

For large electric light installations, direct current, belt-driven . . . 60- 80
For large electric light installations, direct current, direct connected 90-1 20

For gear-wheel transmissions 90-1 20

For blast-engines
, 90-150

By formula 106 the fly-wheel is determined only with respect

to its fluctuations in angular velocity. The necessity that alter-

nating current generators, working in parallel, should rotate with
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as nearly perfect synchronism as possible demands, however, a

regulation of the engine, not based on speed fluctuations, but

based on the maximum pole-displacement that may be allowed.

By pole-displacement is meant the deviation of a pole, due to

variable speed, in advance and in retard of a point revolving with

it with the same mean, but perfectly uniform, speed.

The following formula determines the required weight of the

revolving masses, in order to keep the angular deviations of the

generator-poles inside a predetermined limit y:

TJ7 P2 I-H.P.
,W - 10,000,000

3 ^
.

. . . (108&)

Builders of alternating-current generators specify, generally,

that the uniformity of operation must be such as to limit the

deviation of a pole, on either side of the position of absolute

uniform speed, to a certain given number of degrees phase, often

2^° to 3^
The distance between two poles of similar polarity being

counted 360 degrees phase,- or the distance between two con-

secutive poles 180 degrees, the relation between the angular

degrees, measured on the pitch-circle of the generator poles, and

the number of degrees phase will be the following:

2
r ^

y being the angxilar degrees,

e the number degrees phase, and

P the number of poles.

Formula 108& can, therefore, for convenience be written

^3 I-H.P. P
, ^ ,W = 10,000,000 • • •

Sometimes the mimber of poles in a generator is not specified

directly, but, instead, the number of cycles and number of

revolutions are given. The number of poles can then be ascer-

tained by the formula,

p _ 120 X number of cycles

number of revolutions
'
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TABLE XXIL

Values of Coefficients f, F,, Fj and Fj for Various Engine Types.
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TABLE XXll—Continued,

Values of Coefficients f, Fi, Pa and F3 for Various Engine Types.
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Bzample.—What diameter, and weight, of the wheel would be

suitable for an i8 X 28 four-cycle, single-cylinder engine rimning

at 190 turns per minute on suction producer-gas, the engine

to be belted to a direct-current generator?

The engine will develop 90 B.H.P. on suction producer-gas,

corresponding to 106 I .H . P.

The rim speed we could allow at 5,400 feet per minute, giving

a wheel-diameter of 9 feet.

The required width of the belt will be, according to formula

128, in the appendix, W = 9 B.H.P. ^ 9 ^ 95 . ^ jq inches:
V 0.9 90 X 0.9

assuming the belt to run over a small driven puUey that gives an

arc of contact of about 150°.

In order to provide a wheel of ample width, including space

for a set of ratchet teeth that wiU be required alongside one edge,

the total width of the wheel-face may finally be approximately

18 inches. If the thickness of the rim be made 10 inches, the

mean radius of the wheel-rim becomes i? = 4' — i" = 4.09 feet.

The coefficient K, of equation 106, would in this case,

according to Table XXI, be selected between the value K — 60

and K = 80, and we choose the middle value K = 70.

Inserting, then, the various numerical values in formula 106

we get

^ _ 96,400,000 X 2 4 X 106 X 70

16.7 X 6,860,000

W = 15,000 pounds.

For a twin engine of the same size cylinders as the above

engine the required weight of the wheel, to give the same steadi-

ness, would be

^ 1.04X 2W 15,000
2.4

W = 13,000 pounds.

The proper weight of the fly-wheel for single-acting single-

cylinder engines of the above dimensions, if intended for the

operation of alternators in parallel, may be obtained by equation

io8c.
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Assuming the number of poles in the generator to be 14, and

the maximum pole-displacement required to be inside 2% degrees

phase,

hence,

or,

We have W = 10,000,000 —— ,

400 X 106W — 10,000,000
14

16.7 X 6,860,000 2.5’

W = 21,000 pounds, approximately.

The same result will, in the case of 14 poles, be obtained by

equation 106, using a coefficient K = 100.

The above weight includes the effective fly-wheel weight of

the generator-armature; that is, its weight reduced to the

radius R,

In case the number of poles were 56 instead of 14, the required

total fly-wheel weight, reduced to the radius P, becomes 83,000

pounds.

A single-acting, two-cylinderopposed engine, or a double-acting,

one-cylinder engine, types II and III, would require, for 56 poles,

a fly-wheel weight approximately 60,000 pounds, and a single-

acting twin or tandem engine, types IV and V, requires only

37,000 pounds.

It is evident, therefore, that for reducing the fly-wheel weight,

when there are rigid requirements in respect to pole-displacement,

the engine types IV and V give far the better results than the

types I, II or III.

Example.—^As an illustration from an actual case may be

quoted the engines of the A. B. Dick Co., of Chicago, 111.,

which furnish electric current for the lighting of the building

and for general motive power in the factory. The engines are:

one single unit 14K X 24, rated at 55 and one twin

engine of the same cylinder dimensions, rated at no B.H.P.

The maximum indicated horse-power is, on producer gas, re-

spectively, 70 and 140. Both units are direct connected to direct-

current generators, and run 200 revolutions per minute.

The fly-wheels are 8' — 6" outside diameter and their mean

radius of the rim is 3.9 feet.
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The weight of the wheel for the twin-engine is 1 1 ,
500 lbs.

Its weight reduced to the mean rad. of the rim 9j9oo lbs.

The armature wgt. red’d, to the mean rad. of the rim 1,600 lbs.

Total wgt, red’d, to the mean rad. of the rim 11,500 lbs.

The corresponding weight for the single engine is 12,100 lbs.

Inserting the various values in formula 106, using, in the case

of the twin engine,/ = 1.04 and, in the case of the single engine,

/ = 2,4, and solving for K we obtain:

In the case of the twin engine, K = 100,

and in the case of the single engine K = 90.

The current furnished by these engines produces, imder all

conditions, a very satisfactory light, both when the engines run

singly or in parallel. The values of the coefficient from 90

to 120, as quoted in Table XXI, for services such as the above,

can, therefore, be considered fully conservative.

Example.—^The installation of three “Snow’’ four-cycle

double-acting, twin-tandem engines at the Gas and Electric

Light Co.’s station in San Francisco, which operate alternating-

current generators very successfully in parallel, may be used

as an illustration for the computation of heavy wheels.

The engines are of the following general specifications:

Four double-acting cylinders, 42 X 60. Power, 4,000 rated

or 5,400 maximum I.H.P. The fly-wheel, 23 feet out-

side diameter; mean radius ii feet. Its weight, 97,000 pounds,

and it makes 88 revolutions per minute.

The generators are 25 cycle—^34 poles.

For the above case we use equation 108^;.

W = 10,000,000
F3 I.H.P.

. B?N^

Inserting the "^farious values, of which we obtain from Table

XXII, for a twin-tandem, double-acting engine, Fg = 12, and

assume that the allowed maximum fluctuation in degrees phase

is 2 we get

TT7 5>400 34 ^ 1W = 10,000,000 ^ = 106,000 pounds.
121 680,000 2.5

’ ^
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The actual weight of the wheel is 97,000 lbs.

Its weight reduced to the mean rad. of the rim 80,000 lbs.

The weight of the generator armature, reduced to the mean
rad. of the rim, approximately 25,000 lbs.

Total weight reduced to the mean rad. of the rim, approxi-

mately, 105,000 lbs.

Had the number of poles of the generator been 20, instead of

34, the required weight of the wheel would become

W = 64,000 pounds.

Approximately the same weight is obtained by equation 106

if the value K = 150 is used.

Heavy wheels, such as referred to in the above example,

are in practice generally determined with guidance from dis-

placement curves constructed as explained in the preceding,

but it becomes quite possible to expedite preliminary deter-

minations by the use of formula io8c, which, with the coef-

ficients quoted in Table XXII, gives acceptable results.

Example.—^As a further application of the fly-wheel formulas,

a determination may be made of the weight of wheels required

for 44 X 54 double-acting twin tandem engines operating on

blast-furnace gas, and direct-connected to 36-pole alternating-

current generators. The alternators to operate in parallel at a

speed of 83 revolutions per minute, giving, consequently, 25

cycles.

Assuming the gas to be of such quality as to give a mean
effective pressure of 68 pounds, and that the piston-rod is 12

inches in diameter, then the maximum output of the engine will

be 4,300 I.H.P.

If the coefficient of the phase-displacement at a maximum
output € = 3® be allowed, and assuming the mean diameter of

the wheel to be 21.2 feet, then the required weight of the wheel,

reduced to the mean diameter, according to equation 1086:, will be

Txr 12 X 4,300 X 36 ,W - 10,000,000 X 578,000 X 3
"

The above data are those determining the wheels of the AUis-

is
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Chalmers engines operating the alternating current generators at

the plant of the Indiana Steel Co., at Gary, Ind.

The wheels of these engines are 23 feet outside diameter and

have a rim-section 16 inches wide at the face by 21 inches deep.

The rim of the wheel weighs 68,000 lbs.

The anns and hub, approximately 23,000 lbs.

The total weight of the wheel 91,000 lbs.

The weight of arms and hub, reduced to the mean rim-dia. is . 7,000 lbs.

Total weight of one wheel, reduced to the mean rim-dia 75,000 lbs.

The weight of the revohdng generator-field, reduced to the

mean wheel-dia., approximately 20,000 lbs.

Total fly-wheel wgt. reduced to the mean wheel-dia., 21.2 ft. . 95,000 lbs.

The normal capacity of the alternators is 2,000 K.W., but they

have a guaranteed overload capacity of 30 per cent. At normal

load, which accordingly is in the neighborhood of 3,200

the phase-displacement will be, approximately, e = 2K®.



CHAPTER X
THE CRANK-SHAFT

In the European gas-engine practice, the custom has been
general to make the engine shaft of a centre-crank type. This
construction is very convenient and safe for self-contained engines,

and must be considered the standard for engines of small and
medium size. When, however, engines are connected in pairs,

as twin engines, carrying on the shaft between them heavy wheels

and generator armatures, there will, with this construction, be

required to place five or more main bearings in line for the proper

support of the shaft. This arrangement is by no means desirable,

and will not be safe, considering the liability of the alignment of

the bearings to get out of true. A better arrangement with respect

to large engines, particularly of the twin type, is to use shafts with

side-cranks and only two main bearings, even though it becomes
necessary to make the shaft of a considerably larger diameter.

Roughly, it may be said, that a side-crank shaft will be of a

diameter 50 per cent larger than one with centre-crank for the

same cylinder capacity. But, on the other hand, it may be made
shorter, and a saving in weight is also often effected, as well as

sound material insured, by forging the shaft hollow.

The principal points to be considered with respect to the design

of the crank-shaft are : its strength and rigidity with reference to

bending and torsional forces, and the proper bearing surfaces of

its journals.

Forces Acting on the Crank-Pin.—^The maximum pressure on
the piston, at the time of the explosion in the cylinder, varies

from, approximately, 350 pounds per square inch in engines of

low compression to 450 pounds in producer-gas engines with high

compression. The former figure could safely be used as basis

for the computation of the ’shaft for gasoline or illuminating-gas

engines, whereas 450 pounds would be safer with respect to

producer-gas or blast-furnace gas engines.

227
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If the maximum pressure per square inch of piston is, p,

pounds, and the area of the piston, A, square inches, the maximum

total pressure on the piston becomes P = p A. This pressure is

transmitted directly to the crank-pin, when the crank passes the

centre at a slow speed.

In Fig. 57 is reproduced the tangential-effort curve for the

pressure stroke of a single-cylinder engine. The highest tan-

gential pressure occurs at the point jp, approximately 30 degrees

from- the beginning of the explosion stroke by the swing of the

crank. At a corresponding distance from the head-end of the

indicator-diagram the total pressure on the piston measure^j

approximately, 75 per cent of the total initial pressure P.

The elevation of the crank, above the centre-line of the engine,

at this point being small, the pressure on the piston is. practically

the same as the pressure in the direction of the connecting-rod.

The pressure, Pjo* oxi the crank-pin is, therefore, approxi-

mately, 75 per cent of the explosion pressure P,

•P30 = 0-75 P-

According to the diagram, we have

sin p =
rsina~
1~’

Y 1
or for the average value — =

, and

sin p = 0.09

P = 5° - 10'.

cos (a + P) = cos (35° — 10') = 0.817.

sin (a 4 ,£) = sin (35'^ — 10') = 0.576.

and

Hence,
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The tangential and radial forces acting on the crank-pin will,

therefore be

Tp = sin {a + 0) P30 = o- 57^ ^so

Cp = cos (a -f P30 = 0.817 -Pso-

The strength of certain portions of the shaft is taxed most

by the force, P, prevailing when the crank passes the centre, while

Fig. 58. Fig. sp.

other portions are taxed most by the force, P30, prevailing when
the crank stands 30 degrees from the centre. It will, therefore,

be necessary to analyze the strength of the shaft with reference

to both of these forces.

Small- and medium-sized engines have often the fly-wheel

carried on the end of the shaft overhanging the main journal, as

Fig. 58. Large engines should always have a third bearing for

the support of the end of the shaft, as Fig. 59, in order to avoid

the heavy strains in the shaft and crank, due to the weight of the

wheel, that otherwise would be set up.

The following two examples explaining the method generally
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employed for computing the strength of the various parts of

centre-crank shafts relate, the first one, to a shaft carried by

two bearings and, the second, to a shaft carried by three

bearings.

The Strength of Cenlye-Crank Shafts Supported by Two
Bearings.—^Fig. 6o is a preliminary sketch for a shaft intended

for a 9 X i6 horizontal producer-gas engine to run at 230 R . P . M.
and it will be required to analyze the stresses that will obtain

in the various parts.

The area of a 9-inch piston is 63.6 square inches, which

for a pressure of 450 pounds per square inch gives a total

pressure on the piston P = 28,600, approximately. The power

of the engine will be 17 or 20 I.H.P., and a wheel

weighing 3,000 pounds and of 6 feet diameter will give a

satisfactory steadiness of rotation (the coefiicient of steadiness

being a: = 50).

The Crank on Centre.—^In Fig. 61 are represented diagram-

matically the forces acting on the shaft, when the crank, at the

time of the explosion in the cylinder, passes the head-end

centre.

P is the total pressure on the piston, and and the

reactions on the bearings due to this force. W is the weight

of the wheel and and V2 the reactions in the bearings

due to it.

The symbols, and /, denote, according to the figure, the

distances between the left-hand and right-hand bearings and

the centre of the engine, and between the right-hand bearing

and the centre of the fly-wheel;

n is the distance, centre to

centre, between the bearings.

The data given are:

C2 —
/- II"

n = 22"

P == 28,600 pounds.

W = 3,000 pounds.Fig. 61.
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We obtain

= — P = — 28,600 = 14,300 pounds.

JEfj ~ ^ ~ ^ 28,600 = 14,300 pounds.

Fi = ^
TF = ^ 3,000 = 1,500 pounds.

F2 = — W = ^3,000 = 4jSoo pounds.

Ri = \/H^ + = \/i4,3oo^ + 1,500^ = 14^380 pounds.

In Fig. 62 are represented the forces that strain the material

(the same forces as in Fig. 61),

and also the sections of the

material offering resistance, at

the various points of the shaft.

Additional data given are:

5-

- e ^ f,
h = f, h - 6".

e = 4", r = 8". Fig. 62.

Maximum Strain at the Middle Section of Crank-Pin.

—

The bending moment is

^ i4j38o X II = 158,180:

7*
Section modulus = — =o.i£f®==o.iX = 12. <-

a 00
Maximum bending strain in pin

158,180
^>6 -

-J
-

12-5
= 12,650 pounds.

The shearing strain at the ends of pin is

2 P 2 X 28,600
•5.=

.3.14 X.2S
= 733 pounds.

* Section Modulus,
J
a

Mom. of Inertia tt

d 32
appr. o. I d*.
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The twisting moment is

= Fj r = 1,500 X 8 = 12,000.

The section modulus for torsion

h* = o.2(P^ 0.2 X 5-® = 25.
U'

Maximum torsional strain,

„ jkf. 12,000 - ,

Sf = -jr^ = — = 480 pounds.
Jt 25

a

The latter strain is small compared with the bending strain,

and can be disregarded.

Maximum Strain in the Left-Hand Crank-Arm, at the Face

of the Broad Side.

—

The bending moment is

ilfj = Hi (Cj — e) = 14,300 X 7 = 100,100.

Section modulus

/ _ _ 6X9 _
a 6 6

Maximum bending strain

„ Mb 100,100 ,

Sj, = y- =—^— = 11,120 poimds.

a

The twisting moment in a vertical section of the arm is

Ml = Vi (Ci — e) = 1,500 X 7 = 10,500.

The section modulus

— = — A = — 6 X 9 = 12.
a g 9

^

Maximum twisting strain

5
^ = ^ = = 875 potmds.

J I 12

a

* Section Modulus for Torsion, — « ^ _
a d 16

appr. o. 2 d®.2
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The bending and twisting strains are combined into an equiv-

alent tensile strain by equation

•S' = 0.3s Sj, -H 0.65

Hence,

'S'=o.35X 11,120-1-0.65 \/ II,i2o~*4-4X875—®= 11,221 pounds.

The compressive strain in the arm is

= = 794 pounds.

The total maximum strain in the arm, therefore,

S + = 12,015 pounds.

Maximum Strain in the Right-Hand Crank-Arm, at the Face

of the Broad Side.

—

The bending moment is

if
2,
= (^1 + ^)

— = 14,300 X 15 — 28,600 X 4 == 100,100.

This is the same value as for the left-hand crank-arm as it

correctly should be.

The maximum bending strain, therefore,

= 11,120 pounds.

The maximum twisting moment is

(^1 + ^) = i?5oo X 15 = 22,500,

The section modulus — = 12.
a

Maximum twisting strain

„ Mt 22,KOO ^ -
5^ = _ = = 1,875 pounds.

a

The combined strain will be
’

5=0.35X11,1204-0.65 \/ii,i2o—*4-4X 1,875—*= 11,516 pounds.

The compressive strain in the arm is

= 794 pounds.

The total maximum strain, therefore,

S + = 12,310 pounds.
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In case there is one wheel on each end of the shaft at the

distance / from the bearings, thus = V2 = W, then the tor-

sional moment in the crank-pin becomes zero, and the bending

moment due to J?,, and W becomes

1
7

II
J +

(i
M F,=.

The heaviest strain will occur in the crank-pin and arms when

the crank passes the centre. The preceding estimate is therefore

sufficient, as far as the strength of the pin and arms are concerned.

For comparison, however, a similar estimate for the crank-position

30 degrees from the centre will be carried out in the following:

The Crank 30 Degrees above Centre.—The crank is represented

in Fig. 63 in a poation 30 degrees from the head-end centre,

and the forces acting on the shaft, tangentially and radially to

the crank, are as denoted.

The force Ps, is dissolved into the tangential component Tp

and the radial component C^.

The reactions in the bearings from Tp are Tpi and Tp^, and the

reactions from Cp are Cpi and Cp2.

The weight of the fly-wheel is W, and T^, and are the tan-

gential and radial compo-

nents due to the weight W.

The reactions in the

bearings from are

and and the reactions

from are Qi and

The turning resistance at

the fly-wheel is represented

by the moment Tp.r, applied

at the fly-wheel hub, but the

belt-pull, being small, is neg-

lected.

The symbols Cj, and /
denote, according to the figure, as before, the distances between

the left-hand and right-hand bearings and the centre of the

engine, and between the right-hand bearing and the centre of
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the fly-wheel; n is the distance, centre to centre, between the
bearings.

The data given are:

= C2 — II

/ = II ^
n = 22

P30 == 0.75 P = 21,450 pounds
W = 3,000 pounds.

From these we obtain

cos [a + = 0.817 X 21,450 =» 17,524

Pp = si7z {a + 0) P30 = 0.576 X 21,450 = 12,356

= -^ Cp = X X 17,524 = 8,762

= -^ Tp = X X 12,356 = 6,178

= ^ X 17,524 = 8,762

^p2 = -^ 2"p = K X 12,356 = 6,178

= W sin 30° = X X 3,000 = 1,500

T;, = W COS 30° = 0.866 X 3,000 = 2,600

n
C.

>
= X X 1,500 = 750

^wl n
= K X 2,600 = 1,300

n +/
n

c„ == 1 X 1,500 = 2,250

Pw2
n +/
n f X 2,600 = 3,900

^pi - ^v>t = 8,012

Tpi + = 7,478
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In Fig. 64 are represented the same forces as are shown in

Fig. 63, as well as the sections of the material of the shaft resisting

them.

The Mazimiun Strain at the Middle of the Crank-Pin.

—

The moment acting radially

-^61 = (Cpt - C„i) Cl = 8,012 X II = 88,132.

The moment acting tangentially

^62 ~ (^jji "I" ^wi) Cl = 7>47^ X II “ 82,258.

Fig. 64.

The combined moment is

Ml,
— \/ Mij\ + = V 8,012""^ + 7,478"“^ X II = 120,000.

The section modulus is — = o.i d? = i2.<.
a ^

The maximum bending strain in pin

120,000 . ,

^
= 9,000 pounds.

a

The maximum twisting moment is

= (Tpi + T„i) r = 7,478 X 8 = 59,824.

The section modulus for torsion is = 0.2 d® = 25.
a ^
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The maximum twisting strain

Mt 59,824-j-= — - 2,390 pounds.

a

The combined strain thus

‘S'='0.35 X 9,600 + 0.65 9,600—2+ 4 X2,39o“2 = 10,330 pounds.

The Maximum Strain in the Left-Hand Crank-Arm, at the

Pace of the Broad Side.

—

Maximum bending moment

= (Cpi - {c^ - e) = 8,012 X 7 = 56,084.

The section modulus — == — ^ ^ = 9.
a 6 6 ^

Maximum bending strain

Mt 56,084= -y- = — = 6,232 pounds.

a

Maximum twisting moment

= (^pi + - e) = 7,478 X 7 = 52,346.

Section modulus for torsion — ^ — h 12,
a 9

Maximum twisting strain

St = Y‘= = 4,362 pounds.

a

The maximum combined strain will be

^= 0*35 X 6,232 + 0.65 V 6,232-2 + 4 X 4,362-^= 9,150 pounds.

The Maximum Strain in the Left-Hand Crank-Arm, at the

Face of the Narrow Side Near Pin,

—

Maximum bending moment

= i^pi + (
»* - j)

= 7,478 X 5.5 = 41,129.

j_ ^ tJt = 3 X 36 ^
a 6 6

The section modulus
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Maximum bending strain

^ Mi, .
4I>i29 ^

"jT ” 2,285 pounds.

a

Maximum twisting moment

= (^pi + (^1 - e) = 52,346, as before.

T 2
Section modulus for torsion — = - b = 24.

9

Maximum twisting strain

^ = 2,181 pounds.

The maximum combined strain will be

s =0.35 X 2,285 + 0*65 v 2,285“-^ + 4 X 2 ,i8 i
'-2 = 3,99o pounds.

The Maximum Strain in the Right-Hand Crank-Arm, at the

Face of the Broad Side.

—

Maximum bending moment

+ ^==8,012X15 -*17,524X4= 50,084.

The section modulus — = o.
a ^

Maximum bending strain

Sb = ^ = 5^565 pounds.

a

Maximum twisting moment

+ (c,+e)-T^e =
7,478 X 15 — 12,356 X 4 = 62,746 pounds.

Section modulus for torsion — = 12,
a

Maximum twisting strain

^ Mt 62,746 j= -^ = 5,229 pounds.
t *2

a
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The maximum combined strain will be

*S'=o.35 X 5,565 -1- 0.65 V 5>565~®+ 4 X 5,229-* =9,650 pounds.

The Maximum Strain in the Right-Hand Crank-Arm, at the

Face of the Narrow Side Near the Shaft.

—

Maximum bending moment

= 12,356 + 5.5 + 7,478 X 2.5 = 86,653.

. , , J bh?
The section modulus — = -7— = 18.

a 6

Maximum bending strain

„ Mb 86,653 - ,5
j, = j- = = 4,814 pounds.

a

Maximum twisting moment

Mt = (Tpi + r„i) (Ci + e) - TpC = 62,746, as before.

Section modulus for torsion — = — b = 24..
a g

Maximum twisting strain

a

The maximum combined strain will be

•S =°-35 X 4,814 + 0-65 V 4,814—^ + 4 X 2,6x4“®= 6,304 pounds.

The Maximum Strain in the Shaft, at the Middle Section of

the Main Journal.—^When the crank is on centre there is no

twisting mornent at any section of the main shaft, but there

exists, for any position of the crank, a bending moment at the

centre of the journal next to the fly-wheel, which is,

Mf, = W / = 3,000 X II = 33,000.

The section modulus for the shaft is -^ = 0.1 d®. = 12.5.
a i j
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The maximum bending strain therefore

„ Mi ^?,ooo . ,S = = 2.640 pounds.
J_ 12.5

a

When the crank stands 30 degrees from the head-end centre

there is added to this a maximum twisting moment

Mi = T^Xr = 12,356 X 8 = 98,848.

J
The section modulus for torsion is —^ = 0.2 d?2 = 25.

(L

The maximum twisting strain

Mt 98,848

X =— = 3,954.

a

The combined maximum strain at the centre of the journal

5 =0.35 X 2,640 + 0.65 V 2,640-® + 4 X 3,954~* =6,340 pounds.

The Maximum Strain in the Section of the Main Shaft Next

to the Right-Hand Crank-Ann.

—

Maximum bending moment radially to the crank

= 11,012 X 5.5 - i,50<5 X 16.5 = 85,316.

Maximum bending moment tangentially to the crank

= 2,278 X 5.5 + 2,600 X 16.5 = 55,429.

The combined bending moment

Mi = \/Mb\ + Mi% *= v'85,3i6-*-F 55,429-* == 101,740.

The section modulus is— = o.i d®, = 12.5.

The maximum bending strain

Mi 101,740 o ,
11— 8,140 pounds.

a
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The maximum twisting moment is asbefore = 98,848,

and the maximum twisting strain = 35954 pounds.

The combined maximum strain will be

*^'= 0.35 X 8,140 + 0.65 V 8,140—2 + 4 X 3,954"“2 = 10,220 pounds.

The Strength of a Centre-Crank Shaft Supported on Three

Bearings.—^In Fig. 65 are represented all the forces acting on a

shaft of this type, when
the crank, at the time of

the explosion, passes the

centre.

P is the total pressure

on the piston, and

the reactions on the bear-

ings I and 2 due to this

force. W is the weight of

the fly-wheel, and the

reactions due to it in the bearings 2 and 3 are Fg and Fg.

Assume it to be required to analyze the strains in a shaft for

a 20 X 32 engine, the preliminary sketch of which is shown in

Fig. 66.

Running on suction producer-gas at 160 revolutions per

Fig. 66.

minute, the power of the engine will be approximately no
or 144 I.H.P. A heavy wheel would be of a weight

of 32,000 pounds, of a diameter ii' — o".

The area of the piston being 314 square inches, and the maxi-

mum pressure allowed at 450 pounds per square inch, we obtain

16
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the total maximuni pressure on the piston P = 314 X 450 =

141,300 pounds.

The maximum pressure on the crank when 30 degrees from

the head-end centre will be P30 = 0.75 P = 106,000 pounds.

The principal dimensions of the shaft as well as the forces

acting, when the crank passes the centre, are given in Fig. 67.

The data given are:

Cj = Cj = 21.5", e = 8.25"

Cl - e = 13.25", /i = 28", /j = 32".

» = 43"j ^ d = 10",

m == 60", h = ioj4", r = 16".

P = 141,300 pounds.

W = 32,000 pounds.

From this we obtain

Hi = Hj = P = 70,650 pounds

f
Vi = ^ ^ X 32,000 = 17,067 pounds.

^3 = X 32,000 = 14,933 pounds.
TYh

The Maximum. Strain at the Middle of the Crank-Pin.

Maximum bending moment

= JTi Cj = 70,650 X 21.5 = 1,518,975.

The section modulus is — = o.xd? ~ o.iXio~® = 100.
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Maximum bending strain

Sf, = ^ = 15,190 pounds.

a

The Maximum Strain in the Left-Hand Crank-Arm, at the

Face of the Broad Side.

—

Maximum bending moment

= S', (c, - e) = 70,650 X 13.25 = 936,11.2.

The section modulus is
J _ h y _ 10.5 X 6.5“^

Maximum bending strain

p Mb 936,112
" J

~
74

= 12,650 pounds.

The strain due to compression

„ Hi 70,650 ,-
6^ - po-mds.

The total maximum strain in arm S = 13,685 pounds.

\
Fig. 68.

The Maximum Strains in the Right-Hand Crank-Arm^ at the

Face of the Broad Side are the same as above.

The strains in the shaft, at the fly-wheel hub, at the middle
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of the main bearing, and in a section near the right-hand arm,

should be figured with respect to the forces acting on the shaft

when the crank stands 30 degrees from the head-end centre.

These forces are shown diagrammatically by Fig. 68. P30 is the

force transmitted by the connecting-rod to the crank-pin and Cp

and Tp its components, radially and tangentially to the crank.

The component gives the reactions and Cp2 at the bear-

ings I and 2 and the component Tp gives the reactions Tp, and

Tp2 The fly-wheel weight is represented by W, and its com-

ponents, radially and tangentially, are and

The reactions in bearings 2 and 3, due to the radial component.

C„, are respectively €^,2 and C^, and the reactions -due to the

tangential component, T^, are and Tp.r is a turning

moment acting at the fly-wheel hub, representing the resistance

to the rotation.

In Fig. 69 are represented the same forces as are shown in

Fig. 68, as well as the sections of the material resisting them.

The data given are:

C2 = 21.5", /
60", i

d, = d, = 9K", d
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Pso = °-7S P = 106,000 pounds.

W = 32,000 pounds.

From this is obtained

Cp = cos (a -t- J3) Pjo = 0.817 X 106,000 = 86,600 pounds

Tp = sin (a H- Fgo = 0.576 X 106,000 = 61,056 pounds

^
Cj, = K 86,600 = 43>30o pounds.

Pp2 = ^
Pp = K 61,056 = 30,528 pounds.

^ W sin 30^ = X 32,000 = 16,000 pounds.

Tyj = W cos 30® = 0.866 X 32,000 === 27,712 pounds.

/o
C«,2 = TT C'w == If 16,000 = 8,533 pounds.m

f
^ 27,712 = 14,780 pounds.
rfh

f
^v>3 = = If 16,000 = 7,466 pounds.

Tn

T^3 = ^ = If 27,712 = 12,930 pounds.
'jn

Cp2 + = 51,833 pounds.

Pp2 - Pto2 = i 5>748 pounds.

The resultant of the forces and we obtain as

^3 = :^ = If 32,000 = 14,933-

The MaTimiiTn Strain at the Centre of the Fly-Wheel.

Maximum bending moment

= ^3 X/s = 14,933 X 32 = 477 j8s6.

The section modulus — = 0.1 = o.i X ii® = 133.
Of

Maximum bending strain

= 3,590 pounds.
^33

a
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The Maximum Strain at the Middle of Journal 2.

—

Maximum bending moment

- W 0.

Maximum twisting moment

Mi ^ Tj
,
r 61,056 X 16 == 976,896.

The section modulus for torsion

= 0.2 = 0.2 X 9.5*^® =171.

Maximum twisting strain

^ Mt 976,896 -

vji
pounds.

a

Maximum Strain at the Section of the Shaft next to the Right-

Hand Crank-Arm.

—

The bending moment at bearing 2 being zero; we have, for the

section next to the right-hand crank-arm,

Maximum bending moment radially to the crank

•3^61 = (Cp3 + C„2) (^2 - ^ - I)
= 51)833 X 10 = 518,330,

Maximum bending moment tangentially to the crank

^63 = (2"p2 - 2"„2) (^3~ ^ ~ = 15)748 X 10 = 157,480.

The combined bending moment becomes

= V Mb\ -I- Mb% — V 518,330—® -f 157,480—® = 542,000.

The section modulus is -^ = 0.1 <p2 = 85.7.

Maximum bending strain

M,,„ Mb 542,000 , ,
*5^6 = -? 6,320 pounds.

J 83.7

a

The twisting moment is Mg = Tp r = 976,896.

The section modulus for torsion is — = 171.
a
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Maximum twisting strain

*5
,

a

976,896

171
= 5j7I2 pounds.

The combined maximum strain becomes

5= 0.35 X6,320 -h 0.65 v" 6,320'“^ + 4 X 5,712“^= 10,700 pounds.

Shaft with Side-Crank.—Let it be assumed that Fig, 70 is a
proposed shaft for a 20 X 32 blast-furnace gas-engine.

At the time of the combustion in the cylinder, when the crank

passes the centre, the full pressure, P, on the piston will be trans-

mitted to the crank-pin, and the pressure on the main bearing

, m -1- c _
be - P. The approximate bearing surface of the journal

is determined according to equation no to suit this pressure and
it is found that a projected bearing surface 16" X 26" will be
ample. In order to obtain a good connection between the crank
and shaft it will be required to make the distance c == 28 inches.

For a maximum pressure 450 pounds per square inch of the
piston, the total pressure on the crank-pin will be P =? 141,000
pounds.

According to these data, the strength calculation for the shaft

will be as follows :

The Maximum Strain in the Shaft -at the Middle Section of

the Main Journal.

—



248 THE GAS-ENGINE

Maximum bending moment

P X c == 141,000 X 28 = 3,948,000.

The section modulus for a hollow shaft

J d*- d\ 16^ - 6^
= O.I z = O.I = 400.

a d 16

Maximum bending strain

o 3^948,000 o j= -7^ = == 9,870 pounds.
J 400

a

The section modulus for a solid shaft will be

J ^= O.I (T = 410.
a

and the maximum bending strain

= 9j63o pounds.

When the crank stands 30 degrees past the centre, as Fig. 71,

•wehavePgo = 0.75 P = 106,000 pounds.

The Maximum Strain at the Middle Section of the Journal.

Crank 30° Above Centre.

—

Maximum bending moment,

Mj, = P30 X c = 106,000 X 28 = 2,968,000.
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Section modulus for a hollow shaft — = 400,
a

Maximum bending strain

2,968,000

j_

a

400
= 7,420 pounds.

Maaimum torsional moment

= Pso f (« + ^) = 106,000 X 16 X 0.576 = 976,900.

The section modulus for torsion — = 2 X — = 800.
a a

Maximum twisting strain

- iff 976,900
' Jt

~
800

1,220 poimds.

The combined maximum strain is

*5=0.35 X 7,420 + 0.65 \/ 7,420“* + 4 Xr,22o~*= 7,670 pounds.

Deflection of the Shaft.—^When a heavy wheel or generator

armature is carried on a long shaft, between the main and out-

board journals, it will be necessary to analyze the shaft as to its

stiffness.

The deflection of the shaft, expressed in inches, is given by
the formula

p f2^f2
^ ^

P is the total load carried,

J the moment of inertia of the cros^^ection = 0.05 (P,

E the coefficient of elasticity, for steel 30,000,000,

m the distance between the journals, in inches,

/i and /a the distances from the centre of the wheel, respect-

ively, to the main- and the outboard-bearing.

When the load is applied approximately central between the

bearings the equation becomes

48 JE (joga)

Assume that a lo-inch shaft, carrying a 32,000-pound wheel,
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as shown in Fig. 70, is supported by bearings Avith So-inch centres.

The weight of the shaft is 2,000 pounds, which added to the

weight of the wheel gives the total load 34,000 pounds located

centrally between the bearings. The weight of the shaft being

small, compared with the weight of the wheel, it may simply be

added to the latter weight.

According to the data given, we obtain

^ I 24,000 X 80^ . ,

§ —. = 0.024 inch.

48 0.05 X I O'* X 30,000,000

The deflection of a shaft carrying an electric generator-

armature should generally not be allowed to exceed 0.03 inch,

and a proper allowance should be made for the magnetic pull on

the armature, when below the true centre.

Allowable Strains in the Shaft due to the unreduced maxi-

mum pressure on the piston.

;
The weakest sections of a centre-crank shaft, as generally

-carried out, are the crank-pin, and the section of the shaft near

the crank-arm toward the wheel. In order to rvoid the necessity

of an excessively hea\’y connecting-rod, the crank-pin is made

small, within safe limits. A maximum strain of 12,000 to 15,000

pounds in the material of the pin can safely be allowed.

The highest strain in the shaft proper should not, however,

be more than 11,000 to 13,000 pounds.

There being generally no good reason for making the crank-

arms very light, and as the material put into them contributes

essentially to the rigidity of the complete shaft, a strain in the

arms of 11,000 to 13,000 pounds per square inch is generally not

exceeded.

These strains in the shaft may appear heavy, but it will

be understood that they do not represent the average maxi-

mum working strains but the maximum strains to which the

shaft may occasionally be subjected.



CHAPTER XI

ENGINE DETAILS

The Engine-Bed.—^Fig. 72 illustrates a type of engine-bed that

has been adopted by several builders, for engines of sizes up to

22 inches cylinder-diameter. It is originally of German design

and is adapted for a centre-crank shaft.

There are, however, as has been pointed out, some serious

objections to the employment of centre-cranks in connection with

large twin engines, on account of the necessity of installing and
maintaining four or more bearings in alignment for the proper

support of the shaft, and on account of the couplings that fre-

quently will be required for coupling thetwo engine shafts together.

The type of engine-bed illustrated in Fig. 73, requiring in any case

not more than two journals, is to be preferred for large engines,

assuming that there is no serious objection to the expense of a

heavy shaft.

The main requirement in an engine-bed is rigidity with respect

to the heavy strains that act between the journals and the rear

connection to the cylinder. This requirement is, in the engine-

beds illustrated, very well provided for, by the employment of

deep girder-designs that offer adequate stiffness against the bend-

ing forces.

Strain in the Bed.—^Fig. 74 represents the journal-end of a

side-crank engine-frame. At the crank-pin there is applied a

maximum force F = A X 450, which reduced to the centre of

the journal becomes P^.

Let it be desired to find the maximum strain in the section

^ B of an engine-frame for a 24-inch cylinder of the type illus-

trated, and of the detail-dimensions as given in connection

with Fig. 74, on page 255.

The forces acting are:

P = 452 X 450 = 203,400 pounds;

Pi = 220,000 pounds;

251



Fig. 72.—Engine-Bed for

ENGINE

j“Crank Shaft.
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I

i

Fig. 73.—Engine-Bed for Side-Ciank Shaft.
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The bending moment in section A B is

Mjj — Pj X / = 220,000 X II = 2,420,000.

With reference to the neutral axis C D:

Moment of inertia of two side walls

- 2/3^^ 2X1. SX 42”’“* .

J ,
== —

^

= 18,522.
^ 12 12

^

Moment of inertia of top side

H!
. / _ 12 X i. 7s“®

12
/j = + lib f-i.75X12X20.12 *=8,520.

12

Moment of inertia of bottom flanges

^
{c - d - 2Qt\

^ j . .N . „ 2J2
— ”

“f" \^C cL 2 ^2/ ^3 ^3
12

(21 - 4 - 3) I 5-

12
+ C21 — 4 — 3) 1-5 X 20.25 ^ = 8,614.

The section modulus of the whole section

JL ^ A + -^2 + J3 ^ 35.656 ^ ^
a a 21

’’ ’

Maximum bending strain

2,420,000^ _ Mb
' ' Z

a

1,700
= 1,420 pounds.

The tensile strain is =
Pj 220,000 = 1,310 pounds.

area of section 168

Total maximum strain in section A B,

S = 1,310 + 1,420 = 2,730 pounds.

The Crank-Pin and Piston-Pin Journals.—^The maximum
pressure per square inch projected surface of the journals, due
to the maximum pressure on the piston, can in a gas-engine be

allowed higher than what is generally the practice with respect

to the steam-engine. This is justified for the reason that the

maximum pressure on the gas-engine piston is of short duration
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only; hence, the heat evolved by friction is less than in the steam-

engine, and an effective lubrication of the journals is more readily

maintained. The piston-pin is often made small as a matter of

necessity, on account of limited room, but it is with advantage

kept as large as circumstances will allow.

The service for which an engine is intended and the grade of

the material put into its pins and journal-boxes will, of course,

greatly influence their minimum safe dimensions. In practice,

For a 24-inch engine:

a = 21", b = 12",

a
I = 20^4", c — 21",

“a = 20X", d = 4",

_ h —
1

h- iH",

h = 42",

I = ii".

therefore, engines required to be as light as possible, and built

with particular care, have often pins and bearing-surfaces pro-

portionally much smaller than what would be safe to use in heavier

stationary engines. The piston-pin and crank-pin of small

engines can, with equal safety, also be made to bear a higher

breaking strain, as well as a higher bearing-pressure per square

inch projected surface, than engines of medium and high power.

Hence, when considering, in a general way, the limiting size

of the wearing surfaces in en^es of different construction, dis-

tinction should be made, in the first place, between small engines.
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and en^es of medium and large power. Secondly, between

light-built and heavy engines.

The maidmiim pressures per square inch of projected surface

of the journals safely allowed in practice are;

TABLE XXIII.

On the Main
Bearing. On the Crank Pin. On the Piston Pin.

Heavy
Engines.

Light
Engines.

Heavy
Engines

Light
Engines.

Heavy
Engines.

Light
Engines.

Be Max. Bw Max.

Small Engines
Medium and Large Engines,

400
400

550
550

;

1800

1300
2400
1800

2400
1800

3400
2400

The higher figures of the table refer to light-built engines

and the lower figures to relatively heavy ones.

The actual maximum pressure on the journals, when the

engine is up to speed, is modified very considerably by the inertia

of the reciprocating parts, but as a guide for determining the size

of the pins the maximum pressure evolved at slow speed is most

conveniently used, and this pressure is the basis for the figures in

the table above.

It is to be noted, that the maximum pressure on the piston

varies in different engines. In engines of high compression of

the charge, such as producer-gas or blast-furnace gas engines, the

maximum pressure should, with respect to strength and maximum

bearing-pressure on the pins, be figured at 450 pounds per square

inch, whereas in ordinary, low-compression, gas- or gasoline en-

gines 350 pounds per square inch may be ample. On this ac-

:ount it is necessary to distinguish between the following four

classes of engines:

Small engines (below ii inches cylinder diameter) in which

Pnutx. = 35opo«iids;

Small engines in which = 45° pounds;

Medium and large engines in which = 350 pounds;

Medium and large engines in which Pnax. — 45° pounds.
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A reduction for the inertia of the reciprocating parts can, if

desired, readily be made in these pressures, when the weight of

the reciprocating parts is known.

To overcome the inertia of the weight G there is required, at

the beginning of the stroke, a total pressure on the piston:

Pi = o . 000034 G r.

.

With respect to the piston-pin pressure of a trunk-piston

engine, G is the weight of the piston and piston-pin, and with

respect to the crank-pin pressure; G is the weight of the piston,

piston-pin and one-half of the connecting-rod; N is the number
of revolutions per minute, and r is the crank-radius, in inches.

The coefficient 0.000034 is, as stated on page 195, only ap-

proximate, but for practical purposes it answers very well.

If the force be subtracted from the total initial pressure

on the piston the remainder will be the actual p^mum pressure

transmitted to the pin at normal speed. v*;

Constructive considerations limit the lengtlk^-.the trunk-

piston-pin, lyjy to approximately one-half the cylinder^diameter.

Thus,

The diameter of the pin, may alsS5s%Qnv’Wijt^ntryi

expressed as a percentage of the cylinder-diam^S^^s

Hence, = 0.5 x^D^,

and, when is the maximum bearing-pressure allo\^^®|Der

square inch projected surface of the wrist-pin, we have

and

7nax.

2 Byj nmx.

At a preliminary estimate of the crank-pin for bearing-pressure

if wiU be convenient to assume its length, 1^, to be the same as that

of the wrist-pin,

thus

17

I, = o-s D;
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and if, similarly as before, the pin-diameter, d^, be expressed in

terms of the cylinder-diameter, or

we get

D,

7Z Pm=
2 Be

The values of and x^ solved from the above equations

for the limiting values and B^^^ of Table XXIII, with

respect to light and heavy engines, and for 35° 45°

pounds per square inch, will be found in the following table:

TABLE XXIV.

Limiting Sizes of Pins for Different Classes of Engines.

Piston Pin, d^uc = Xw Df ly) - 0.5 v.

Small Engines.

Light. Heavy.
Bw Max. 3400. 2400.

P Max. = 350... dw = 0.16 D Sy) = 42700 dvj = 0.23 B
1

Sw 14000
P Max. * 450..

.

dw — 0.21 D Syi “ 24400 dw — 0.3 B \1 Sw =*= 8330

Large Engines.

1 Light, Heavy.
Bw Max. 2400. 1800.

P Max. — 350,.

.

dw — 0.23 D
I

Sw “ 14000 dyj — 0.3 B
1I

Sw *=* 6500
P Max. = 450..

.

diu = 0.3 L)
1 Sw “ 8330 11 da) = 0.39 B 11

Sw = 3800

Crank Pin, dc = xc D, h * 0.5 D

1

Small Engines. I1 Large Engines.

Light. Heavy. Light. Heavy,
Be Max. 2400. 1800. z8oo. 13 <50 .

PMax. = 350... dc — 0.23 D dc —
0.3 B dc = 0.3 B dc = 0.42 B

P Max. = 450. .

.

dc = 0.29 D d^c = 0.39 B dc = 0.39 D dc 0.54 B

An approximate estimate of the fibre-stress in the wrist-pin

may be obtained by figuring its strength as if it were a circular

TT

beam uniformly loaded with the total pressure Pmaa
4

supported at the ends, immediately outside the journal.

The equation for the safe load on the pin will, accordingly, be:
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;r

4
= 8

J

mo*, being the allowable fibre-stress,

J » 7Z 7Z— the section modulus, which is = — dj = — xj
a 3^ 2>^

and ly, = o.sD;

whence
2

By solving for = 350 and 450 and for the

limiting values of x^ of Table XXIV, the approximate fibre-stress

in the corresponding pins may be obtained. These stresses, S^y

are given in the table.

The data regarding the bearing pressure allowed, and the

dimensions of the crank-pin, alone, are insufficient for determin-

ing the fibre-stress in the pin. This stress cannot, therefore, be
given in Table XXIV.

The shearing stress in the two sections of the wrist-pin next

to where it is supported in the piston wiU be obtained by multiply-

ing the strain by the factor x^. ^

The shearing stress in the end-sections of a wfist-pin of the

dimensions: ^ 0.16 D, and = 0.5 I>, when P^^x. “35^
pounds becomes 0.16 X 42,700 = 6,832 pounds per square inch.

Table XXIV will be of convenience as a guide for determining

suitable pin-sizes for an engine. Assuming the pressure on the

piston to be, for instance, 350 potmds per square inch, then a

wrist-pin of a diameter of 0,16 £>, which is the smallest pin used

in practice, will carry a bearing-pressure 3,400 pounds per square

inch projected surface (neglecting the influence due to accelera-

tion at speed) and the fibre-stress in such a pin would be approx-

imately 42,700 pounds. Under the same conditions, a wrist-pin

of a diameter 0.3 Z> — a large pin, will carry a bearing-pressure

of 1^800 pounds per square inch, and the approximate fibre-stress

wiE be
, 6,500 poimds. Similarly, a crank-pin of a diameter

0,23 D win carry a bearing-pressure of 2,400 poimds, and a

crank-pin of a diameter 0.42 D a pressure of 1,300 pounds per

square inch projected surface.
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The intensity of the bearing-pressure on the wrist-pin being

occasionally very high it is necessary that the pinbe made of a hard

material, or, when made of mild steel, it must be case-hardened.

A piston-pin of a diameter of o.i6 of the cylinder-diameter

and of a length of 0.5 the cylinder-diameter, carrying a working

stress of 42,700 pounds, figured due to the bending of the pin, and

a stress 6,832 pounds, figured for shear at the ends, would of

course be considered altogether too light. Such pin-diameters

are, however, sometimes found in practice, but the length must

be made smaller than yi D-, the bearing-pressure, thus, allowed

higher than 3,400 pounds as assumed in the table. The length

of the pin is rarely actually made over i to 2 times its diameter.

TMTain Shaft Joumals.—^In determining the size of the main

journals of a gas-engine, it is convenient to consider the load on

the bearings as resulting in two different ways:

First, the load due to the maximum pressure on the pistonmay

be assumed to be transported directly to the bearing, without any

reduction for inertia forces, in which case the maximum intensity

of the pressure per square inch projected surface becomes
Pmnx ^
Id *

As, this force acts only during a short time, under the best con-

ditions for free lubrication, and as it actually, under normal speed,

will be considerably reduced due to inertia forces, it can be

allowed as high as between 275 to 550 pounds per square inch.

P A
Thus, generally, — — < 550 pounds. . . . (no)

Secondly, the total pressiure on the journal may be considered

as made up, partly, of the forces transnoitted to the shaft from the

variable pressure on the piston during the entire cycle, and, partly,

of the constant vertical pressure which is due to the weight of the

shaft, fly-wheel or generator-armature.

The mean intensity, P*, of the forces acting on one side or the

other of the journal, due to the pressure on the piston, will, of

course, vary with the number, and arrangement, of the cylinders.

It will, on an average, be

. , (III)



ENGINE DETAILS 261

The coefficient F having the following values:

in a four-cycle, single-acting single-cylinder engine jP = 40
in a four-cycle, single-acting two-cylinder opposed engine^ = 60

in a four-cycle, single-acting two-cylinder tandem engine = 70
in a four-cycle, double-acting one-cyhnder engine F = 60

in a four-cycle, double-acting two-cylinder tandem engine 7^ = 100

in a two-cycle single-cylinder engine F = 110

A is the area of one cylinder of one engine, in square inches; I is

the length of one bearing, and d its diameter, in inches. A twin

engine is only a duplication of a single engine, and the average

pressure in the bearing will be the same as in the single engine of

the same type.

For a two-cylinder engine with three bearings, or a three-

cylinder engine with four bearings, I will be the length of the

journal which takes the greatest load due to the weight of the

wheels, etc., generally the outside journal.

If V is the pressure on the journal due to the weight of shaft,

wheels, etc., the mean pressure per square inch of projected

V
surface of the journal becomes ^ fd

' ’ ‘ ' (^^2)

The heating of the journal is caused by the pressures P^ and

P^„ and it will depend also on the surface-speed between the shaft

and the bearing.

For cool running, with ordinary lubrication, it is required that

Fh + P« ==
K fa + F 700

dl
<

E.
60

• (ii3>

d being the diameter of the journal in inches, and

N— the number of turns per second.
60

Main Bearm^s.—The main bearings of engines up to twenty

inches cylinder-diameter are generally provided with babbitt-

lined, removable shells, divided on the horizontal line. The
construction of an ordinary bearing of this type is shown in Fig. 75.

For larger engines adjustable quarter-boxes, as shown in Fig. 73,

would be preferable. One quarter-box may be sufl&cient, par-
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ticularly in single-acting engines, and it is properly placed on the

side toward the cylinder, opposite the side on which the principal

pressure acts.

For the outboard bearing, which carries only a vertical load.

Lubrication.—^The ring-oiling system of lubrication is simple

and effective, but great care should be taken to design the ring

and channel for the same so that the ring will run perfectly free,

and so that there will be no liability for it to stick. Accoimt
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should be taken of the fact that the ring swings out of the plumb-
line, when revolving.

For long journals two rings are generally used, placed on a

distance of one-third of the length of the journal apart. The
rings are made in halves, hinged together, and the open joint

dovetailed together, and secured in some way so that it cannot,

on any account, open up and get stalled. Large rings should be

made of some hard material, that is not readily bent out of shape

when the ring is put in place.

Fig. 76 shows an arrangement for the oiling of the main
journals, in detail.

The principal trouble experienced with ring-oiling bearings

has been due to the unexpected stalling of the rings, from one

cause or other. In a large plant, a continuous automatic oiling

system is, of course, the most modern and most reliable.

The oiling of the crank-pin of a centre-crank is often effected

as shown in Fig. 77. The arrangement consists of a cup-ring

surrounding the shaft, which catches the oil delivered by the

sight-feed cup, and carries it by the action of the centrifugal force

through the oil pipe to the crank-pin.

A common oiling arrangement for the piston-pin is illustrated
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in Fig. 78. The oil is caught by the extended wiper-cup and

carried back to the oil-receptacle formed in the top of the rod-end.

The Piston.—The highest normal pressure between the piston

and the cylinder, due to the reaction from the connecting-rod,

occurs when the crank stands at an elevation of approximately

Fig. 78.

30 degrees from the head-end centre. This pressure is, in Fig. 79,

designated N.

For the ratio
j
= and 0=30°, we have

= 5° — 10' and tan^ = 0.09.

As shown, page 228,

P30 = 0.75 P, approximately,

thus == 0.09P30 = 0.09 X 0.75 P = 0.068P.

The effective bearing surface of the piston may be counted as

Ibeing

P = 0.85

X

0.8 L = 0.68DL.

Hence, the bearing pressure per square inch of effective piston-

surface

0.068 P P
0.68 DL 10 DL'
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This pressure, exclusively of the weight of the piston, should

not exceed 25 pounds,

P
thus

and

If -P = 45°

Pn = 0.1 D L
< 25

D X L> —P.
250

^ it will be required that -pr > i • 41

;

4 V
and if P = 350 it will be required that — > 1.09. (114)

4 ' P'

In a 20 X 30 engine with high compression we have

P = 314 X 450 =. 141,300 pounds,

and ^max. = 0.068 X 141,300 = 9,608 pounds,

D = 20,

L = 30,

thus F = 0.68 D L = 408 square inches.

Hence p„ = =23.3 poimds.

The Strength of the Piston.—^In order to give stiffness to the

piston it should be heavily ribbed, from the middle of the bottom

some distance down its side, as in Fig. 8o. The bending strain

in the flat bottom, between the ribs and the circular wall, of a

radius approximately X ^ will be

•S'& = iV ^ (115)

when p is the pressure per square inch of the piston, D its diameter

in inches, and t the thickness of its bottom.

The proper bending strain to allow in this case, when the

pressure per square inch of the piston is figured p = 450 pounds,

would be 5= 3,500 pounds.
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Thus, 3,500 = ^5- 450 p
or t = 0.09 D.

Hence, the piston for a 20 X 30 cylinder requires a thickness

/ = 0.09 X 20 = inch; the material being strained 3,500

pounds.

Fig. 80.

When the bottom is made curved to a radius r^2 D the thick-

ness of the bottom may be made t = 0.075

The Strength of the Piston Pin.—The pins for large pistons

are most conservatively figured, for strength, as if supported at the

mid-sections of their bearings in the trun-

nion bosses. Considering the load from

the connecting-rod to be evenly distributed

over the pin, we get, according to Fig. 81,

the bending moment.

(I - ^)-

Fig. 81.
The section modulus is o.i d®,

hence the maximum strain at the middle of the pin

For a 20-inch engine:

P = 141,300 pounds,

1= gH",
c = 13^".
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Thus ‘S'a = 2-5 (13.37s - 4.7s);422

5^ = 7,200 pounds.

The Piston Ring.—^The open-end piston is generally provided

with a number of spring-rings in order to reduce the pressure

with which each ring must be sprung against the cylinder; 5 to 7

rings are often employed, exerting, each, a pressure against the

cylinder of 4X to 3X pounds per square inch.

The thickness of the ring and the amount which has been cut

out of the complete ring is of course what determines its stiffness

when in place.

When a cast-iron ring, D inches in diameter, is sprung to-

gether a distance e the maximum strain in the middle section will

be

•55
etE
2.4

(117)

t being the thickness of the ring, and E the modulus of elasticity,

for cast-iron = 12,000,000. And the tension per square inch of

ring-surface will be

or

If we allow a strain Sj^ = 11,000 pounds, and require the

spring-tension to be ^ = 3^2 pounds per square inch, we obtain

D

In springing the ring over the piston there will be exerted a

bending strain in the fibres

^ Ef- ^

2.5 X 0.25
19,200,000

which for / = — becomes
32

Sjj = 19,000 pounds.

The width of the ring is made, for small engines, ^ to

inch, and to for large ones.
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Fig. 8o shows the general construction of an open-end piston

for a cylinder of medium size. The piston-pin nut is slotted for

a spanner, and it is locked by means of a keeper, which is fitted

to a spanner notch, and secured to the wrist-pin by means of a

taper pin driven through the eye of the keeper and through a

prolongation of the wrist-pin proper.

The piston should be fitted xnVo the cylinder, per

inch diameter, for its general length, and its extreme inside end

is generally turned off to tapering to about iK
to 3 inches forward. The smaller figures apply to the case of

smaller pistons and the larger ones to medium sizes, of 12 to 20

inches in diameter.

.

The Connecting-Rod.—^The main body of the connecting-rod

is, for strength, treated as a hinged strut subjected to a compres-

sive force equal to the total pressure on the piston. The load it

can safely carry is computed according to the formula

in which

P is the safe compressive load;

/ the factor of safety;

E the modulus of elasticity = 30,000,000 for steel;

J the moment of inertia of the middle section of the rod

— 0.0 for a circular rod

= for a rectangular section;

d the diameter of the middle section, in inches;

I the length of the rod, in inches.

For a 20 X 32 engine

p = 141,300.

J = 0.0s X 4 - 75
“' = 25 - 5 >

I = 80.

Hence,
9.86 X 30,ooo,ocxi X 25.5

141,300 X 6,400
’

7 - 5 -

(118)

Wrist-Pin End of Rod.—^The force required for the acceleration
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of the piston and piston-pin at the head-end centre causes the

maximum tensile strain in the eye of the wrist-pin end of the rod.

If the weight to be accelerated is G^, we have, according to

equation loi,

P2 = 0.000034 G2 r,

P2 being the accelerating force at

the head-end centre,

N the number of revolutions per

minute, and

r the crank-radius in inches.

The area of the cross-section

through the eye of the rod must be

made to resist, in tension, the

force ^2-

It will not, generally, be neces-

Fig. 82. sary to strain the material higher

than at 5,000 pounds.

The bending strain on the back of the eye, at section D E,

Fig. 82, will be:

Maximum bending moment =

Section modulus
a " 6

’

Maximum bending strain = 1-5 -^2 g

bh^
’

In a 20 X 32 engine we have:

Weight of piston 730 pounds.

Weight of piston-pin 180 pounds.

Total 910 pounds.

Hence 0.000034X910X25,600X16, at 160 revolutions.

P2= 12,670 pounds.

Other data are:

a = 9K", 6 “ 6K", c = ii", i = ifi", e = h = 2^".

Thus the area of section B C
F — (e — a) (b — d)

= (13.25 - 9. 25), (6. 25 - 1.375) == I9-S square inches.
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The tensile strain in this section, therefore,

9 — —“
i?

' 12,670

19*5
650 pounds*

The bending strain at Z) £ is

^ 1. 5 X 12,670 X II j

A .r. -I n rf.
4,420 pounds.

6.25 X 7.56

Crank-End of Rod.—The maximum strain on the crank-end

cap and cap-bolts is due to
'
^ the force required for the ac^

I

.

^
celeration of the reciprocating

i

parts when the crank passes

[I

j

the head-end centre.

'

1 1 ^ I
I

If G is the weight of the

reciprocating parts (the piston

Jl
I'l
—— piston-pin and one-half

U connecting-rod), the

I ^-“4^ accelerating force at the head

end centre is

Pi == 0.000034 G r;

N being the number of revolutions per minute and

r the crank radius in inches.

If the area at the bottom of the thread of two cap-bolts is 2a,

p
then the maximum tensile strain is ^ per square inch.

The bending strain in the rod-end cap:

If the dimensions of the cap are as shown in Fig. 83, the

bending moment due to Pi, evenly distributed, becomes

The section modulus for the middle section of the cap is



ENGINE DETAILS 271

The maximum bending strain in cap

a

For a 20 X 32 engine at 160 revolutions:

The weight of 20" piston 730 pounds.

The weight of piston-pin 180 pounds.

K the weight of connecting-rod 530 pounds.

Total 1440 pounds.

Hence = 0.000034X1,440X25,600X16 = 20,054 pounds.

If two 2-inch cap-bolts be used (the area at bottom of thread

2 X 2.3 square inches), the maximum strain in the bolts due to

inertia becomes

S = = 4?36o pounds per square inch.

Bending strain in the cap:

The distance between bolts, c = 12.75".

Bore of cap = 12.5".

Thickness of cap h= 3.0".

Width of cap b = 6.0".

Maximum bending strain*

Sb = (12-75 - 6.25) = 3,620 pounds.
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Should the shell bear on the cap at the middle only, the strain

becomes 2 X 3,620 = 7,240 pounds.

A commonly employed design for a connecting-rod for medium-

sized engines is shown in Fig. 84, and an alternate design of the

wrist-pin end in Fig. 85.

The Strength of the Fly-Wheel.—Disregarding the influence

of the arms on the strength of a fly-wheel ring, the tensile stresses

Fig. 85.

which act in each section, A B, of the ring, Fig. 86, are C, when

C is the centrifugal force due to one-half of the weight of the ring.

The centrifugal force, applied at the centre of gravity c, is

C - — —
2g e’

when W is the weight of the complete rim, in pounds, and v the

velocity of the point c, in feet per second.

^ ^ 2 R _ 2 TV e N
But as e , and v = —^

,

TV ’ 60

W 7vR]>P
we get C = — = 0.00010848 WRN^,

g goo ‘t >

and the stress in each section of the rim.

H C = — —5 = 0.00005424 W

R

JV®; . (j2o)
2 g TV iC

V being the velocity of the centre of the wheel-rim, in feet per

second.

Assuming the rim-velocity to be loo feet per second == 6,000
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feet per minute, which is the highest velocity generally allowed in

cast-iron wheels;

A the area of the rim-section in square feet ( = 144 A square

inches), then W == 2 A R 450 pounds for a cast-iron rim, and

XC
J ,

Thus, the strain per square inch of the material is practically

1,000 pounds.

When a wheel is made in halves, the links joining the halves

together should not be strained higher than 7,000 to 8,000 pounds

per square inch, when they are submitted to direct tension only.

The rule is, therefore, to make the smallest cross-section of the

links for one joint 12K to 14X per cent of the section of the

wheel-rim. When the links, or bolts, making the joints are not

located centrally to the centre of gravity of the section, the bending

moment acting in the joint must be considered, and the area of

the bolts and links increased accordingly.

Fig. 87 show's the design for a wheel made in halves in which

ordinary T-head links are used for shrinking the rim-halves

together. In the hub are used bolts, and these should be made
of a liberal diameter, as, in shrinking them in place, they are put

to a strain which may be considerable. The diameters of the

hub-bolts given in Table XXVIII have been found satisfactory

in practice.

One key only should be used in the hub, as it is much easier

to fit one large key well than to fit two smaller ones.

Tables of Practical Data Pertaining to Four-Cycle Single-

Acting Gas-Engines.—The data contained in the following

Tables, XXV and XXVI, referring to the power and dimensions

of a line of medium-size producer-gas engines are revised from a

line of engines in successfxil operation. The power and principal

data given may be considered quite conservative.

Table XXV contains data with reference to the power, speed,

and expected efficiency.

Table XXVI contains the principal dimensions of centre-

crank shafts, the general design of which is shown in Fig. 88.

Tables XXVII and XXVIII give the weight and principal
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dimensions of two types of fly-wheels generally used in gas-engine

practice. They are designated by the names Standard Wheels”
and Extra Heavy Wheels.” The former are suitable for

general mill service (the coefl&cient of steadiness == 35) ;
the

latter is required for electric light and power service {K = 70).

The sizes of crank-pins and piston-pins, Table XXIX, have

been determined by the methods explained in the preceding,

and they conform closely with good general practice.

The bearing-pressures on the pins contained in the 6th and
loth columns of the table are the maximum pressures that occur

generally only under very good conditions, corresponding to 450
pounds per square inch of the piston. The pressure on the piston

under ordinary conditions is, on an average, not over 350 to 400
pounds, and, hence the bearing-pressures on the pins correspond-

ing to these figures are ^ to |- of those given in the table.

As the strength of all pins must be figured to suit the maximum
pressure that is likely to occur, and the bearing-pressure on the

pins being generally determined in connection with their strength,

both the strength and bearing-pressure per square inch projected

surface have been referred to the maximum pressure 450 pounds

per square inch of the piston.

Automatic Valves.—Only small unimportant engines have

inlet-valves automatically operated by the suction of the piston,

as the simple means whereby the valves can be operated mechani-

cally amply justifies its adoption. It is evident that automatically

operated valves must be particularly unsuitable for engines

running at a high speed, because the higher the speed, and the

quicker the valve must open and close, the heavier springs it is

necessary to apply back of the valves, to overcome the inertia in

mo\dng them. The pressure difference between the inside of the

cylinder and the outside supply must, therefore, in high-speed

engines, be considerable before the valves lift. This causes loss,

both in efficiency and in capacity of the engine. The former

since the piston must move against a considerable suction-

resistance, the latter due to the low density of the charge in the

cylinder at the completed suction-stroke. Engines built with

the object in \dew of obtaining the highest possible power in a
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cylinder of small diameter, even if the efficiency should be of

minor importance, are, therefore, always provided with mechani-
cally moved valves.

To ascertain that the valve-setting is correct and that the

valve-ports are adequate for the speed at which an engine is

operating, weak-spring cards, that show the vacuum created on
the suction-stroke and the

back pressure during the

exhaust, are generally

taken in connection with

engine tests. Fig, 89 is

such a card taken with a

2o-pound spring. The
compression line starts

from the end of the suction

line ^ at an initial press-

ure I^ pounds below the atmospheric line A B and it discontin-

ues at b, which is as far as the instrument allows the spring to

be compressed. The expansion line is not indicated in the card,

excepting the very lowest end of it; the release taking place soon

after the line becomes visible at c. The exhaust-line dd is

approximately 2 pounds above the atmospheric line.

Inlet- and Exhaust-Valves.—^The variation in the velocity

Piston velocity curves

with Ini. and Xxh. valve-lifts

of the piston during the forward and return stroke is shown by
the curve, Fig. 90. This curve has 'been obtained by plotting

at the successive crank-positions the length of the ordinates given

by the equation for the velocity of the piston-pin (see page 471).

S = V (sin a -b X y
2 a

j

,
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in which

S is the piston-velocity; in feet per second;

, 2 7zrn
V the linear velocity of the crank-pin, in feet per second = —

;

a the crank-angle, counted from the head-end centre;

y the ratio between the crank-radius and the length of the

_ connecting-rod.

For any usual ratio y the factor with which the crank-pin

velocity must be multiplied to give the piston-velocity at the

successive crank positions becomes:

a

a + J y sin 2 a
^

Z - 1

7 ®
^ _ 1

T — 8 B

r I

1 6

0 360 ° 0 0

30 330 o-SS/ 3 579

60 300
1

0 954 0.946 0.939

90 270 1 ,000 I .000 1 .000

120 240 0 00 0 788 0.794

150 210 0.4^3 0.421 00
•t0

180
1

0 0 0

In any case when, for practical purposes, it becomes necessary

T
to construct the piston-velocity curve, and the exact ratio

y
is

T
not definitely known, the intermediate values, for

j
=

-j.V ,
can

safely be used, as the discrepancy, if any, is very unimportant.

It would, of comrse, be desirable to have the inlet- and exhaust-

valves lift and seat uniformly with the increase and decrease in

the piston-velocity, in which case the velocity of the gas through

the valve-ports would be constant. This they would do, practi-

cally, if given a motion as if actuated by a crank which passes

the centres in uni.son with the main crank.

The required form of the valve-cams, to ^ve the correct crank-

motion, would then be that shown by the construction, Fig. 91.
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The valves do, however, never actually begin to open when

the engine-crank passes the centres, and for practical reasons the

valve-cams are generally given a simpler form than that shown in

Fig. 91, and on these accounts the increase and decrease in effective

valve-area does not foUov/ uniformly the increase and decrease

in piston-velocity. The curve, according

to which the actual opening and closing

of the valves normally occur in practice,

is constructed in Fig. 90, in broken lines,

and it will be noticed that it follows only

approximately the rise and fall of the

piston-velocity curve.

The curve representing the lifting of

the valve is often, in practice, laid out in

connection with the design of the valve-

motion, in order to make sure that any

improvement cannot be effected by a

change in the form of the cams.

If the fluid velocity through the valve-

Fig. 91.

ports be considered constant it is evident that the ratio between

the maximum piston-velocity and the allowable maximum

velocity of the gases in the valve-ports will determine the ratio

between the full valve-area and the area of the cylinder. It is.

however, more convenient, and more common, to determine

the required valve-areas with reference to the mean piston-

velocity, which is generally quoted, simply, as “the piston speed.”

2 T
The latter is P = X maximum piston-velocity

7Z T

= —-— X maximum piston-velocity.
I-S7

It is common practice to make the inlet- and exhaust-valves

of sizes which call for fluid velocities through the valve-ports

varying from 60 to 150 feet per second, counted with reference

to the mean piston-velocity.

In small engines the valves can, without inconvenience, be

made large, and they are to advantage often, in very small endues,
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made as large as one-quarter of the cylinder-area. In large

engines the valves and valve-springs become heavy, particularly

when the valves are water-cooled, and for that reason the port-

areas are cut down as much as can be done without incurring a

considerable loss due to negative pressure on the piston. This

it is particularly advisable to do with respect to large engines

usihg cheap fuels as blast-fumace-gas or producer-gas, for the

reason that a more reliable valve-mechanism wiU result. The

inlet- and exhaust-valves are commonly made the same size.

Sometimes, however, the exhaust-valve is reduced, so as to give

an effective area only 80 per cent of the inlet-valve; this is done

in order to reduce, as much as possible, the heavy strain in the

valve mechanism required to open the exhaust-valve, against the

pressure existing in the cylinder at the time for opening.

The following, Table XXX, gives the port-areas necessary,

when it is desired to limit the fluid velocity in the ports to 60 feet,

100 feet, or 150 feet per second, as the case may be; the piston

speeds being from 500 to 850 feet per minute. The last column

of the table gives the required valve-diameter in terms of the

diameter of the cylinder, with the assumption that the valve lifts

enough so as to give the full area of the valve-port. This table

is handy when proportioning port-areas to suit given conditions.

For instance, the table will show at a glance, that with a

piston-speed of 500 feet per minute, and an assumed fluid velocity

through the valve-ports of 100 feet per second, the required port-

area becomes 8.33 per cent of the cylinder-area, or the valve-

diameter 29 per cent of the cylinder-diameter. With a cylinder-

diameter of, for instance, 6 inches, the valve would thus be only

inches, which is very small. It will be better to limit the

fluid velocity through the valve-ports to 60 feet per second, and

make the valve-diameter 37 per cent of the cylinder diameter —

2^ inches, or larger still if desired.

On the other hand, assuming the piston-speed to be 850 feet

per minute, which is common in large engines, we obtain for a

fluid velocity in the valve-ports of too feet per second a valve-area

14.2 per cent of the area of the cylinder, and a yalve-diameter

of 38 per cent of the cylinder-diameter. In the case of a 22-
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inch cylinder, the valve would be SVh inches, which is fully as

large as it would be desirable to make it. As in this case the

exhaust-valve, probably, would be water-cooled, a valve 34 per

cent of the cylinder-diameter, calling for a fluid velocity of 140

feet per second, would, under most conditions, be preferable,

TABLE XXX.

Piston Speeds, Valve Port-Areas, and Gas-Velocities.

piston Speed
Ft. per min.

Vel. of Gases
Through Valve-Port

Ft. per sec.

Port Area in
Per Cent of

Cylinder Area.

Ratio
Valve Diameter d

to
Cylinder Diameter D.

60 13-9 d=o.37D
500 100 S -33 d=Q.2gD

150 5-5 d—o.23D

60 15-2 d—0.39D
550 100 9.2 d=^o .30D

ISO 6.1 d~o.2$D

60 16.6 d==o.4iD
600 100 10.

0

d’=^o.$2D

150 6.7 d=o .26D

60 18.0 £?=o .42

650 100 10.8 d=o. 33D
7.2 d=o.27D

60 19.4 d—o.44D
700 100 II -5 d— 0 .3429

150 7-7 d—o.2BD

60 20.8 11 0ktj

7SO 100 12.5 d^o.ssD
ISO ^•3 d—o.2gD

- 60 22.2 0.47D
800 100 13-3 d=o.36D

150 8.8 11 0

60 '23 <5 d—o.4gD
850 100 14.2 dl—0.38D

150
1

'

i

9-4 d—o .31D
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Table XXX refers to mechanically operated valves, which

are generally raised so as to give approximately the full opening

of the valve-ports at its highest position.

The lift of a flat-seated valve corresponding to the full port-

area is one-quarter of the valve-diameter, but, as inlet- and ex-

haust-valves are generally made with conical seats of approximately

45° angle, the lift should, theoretically, be somewhat more than

that amount. However, the valve-seat being narrow, the area

of the valve-stem may, in practice, be assumed to reduce the

effective area to such an extent as to compensate for the discrep-

ancy in the effective opening due to conical seat; and, in reality,

the valves are seldom made to lift more than one-quarter of the

valve-diameter.

The inertia of the valve, which the valve-cam has to overcome

in opening it, and the spring at its closing, is, as will be shown,

directly proportional with the weight and height of lift of the

valve. But, the weight increasing in a much higher rate than in

the direct proportion to the diameter, it would not serve the

purpose of reducing inertia, to reduce the necessary lift of the

valve by increasing its diameter.

The automatic spring-loaded valve, which can be lifted

but a small amount, must be made of larger diameter than the

mechanically operated one. The area of the former is ordinarily

made 50 per cent larger than that of the latter, under othervvise

similar service.

The extreme ratios between the valve-diameter, d, and the

cylinder-diameter, D, will be found, in practice, to be:

For mechanically moved valves i = o . 26 2) to o
. 4 Z>,

and for automatic valves d — 0.^2 D to o.$ D.

The mechanically operated valve is generally made much

heavier than what w'ould be actually required for strength, in

order to exclude any possibility of the valve warping or springing

due to the heat to which it is exposed.

With respect to automatic valves, the necessary thickness of

the valve-disc is suitably figured according to the formula for the
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strength of round flat plates supported around the edge, which

may be written

:

i = o. 5 d^j^, .... (121)

t being the thickness required, in inches;

Pynax, pressure per square inch of the valve-opening, and

S the strain per square inch of the material.

It must be remembered, in regard to automatic valves, that

the durability of the valve, and valve-seat, will be increased by

making the valve as light as the strength of the material will allow.

Assuming to be 450 pounds, and allowing a strain

S = 12,000 pounds per square inch, the thickness becomes

t = o . 09 rf.

This is, however, as light as a steel valve can safely be made.

The Valve-Seat.—^The width of the face of the valve-seat

should be made approximately 0.05

Hence, for large engines the valve face becomes approximately

inch, and for small engines the valve face becomes approxi-

mately ^ inch.

The precaution is generally, taken with respect to more im-

portant en^nes, to make the exhaust valve-seat in a removable

bushing which can readily be renewed in case of necessity.

The Valve-Stem.—^The valve-stem serves to guide the valve

properly, and to transmit the pressure that is required to cause it

to open. The resistance against the opening of the inlet-valve is,

principally, the tension of the valve-spring and a pressure due to

the inertia of the valve. The latter force only is transmitted

through the valve-stem. The resistance acting on the exhaust

valve-stem is the inertia, in moving the value, and the pressure

in the cylinder at the time it is opened. When the valve is being

opened the inertia pressure is zero, and the pressure in the

cylinder is, as a maximum, 60 pounds per square inch.

The valve-stem guide should be of ample length so as to guide

and seat the valve properly, and, when so guided, the resistance

on the valve-stem becomes, in effect, a simple compressive strain.

This strain does not, ordinarily, need to be allowed higher than,
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say, 3,000 pounds per square inch of the smallest section of the

stem. Hence, if S be the diameter of the smallest section.

we get

or

== <P,

3,000

d = 0*14

d is commonly the diameter at the bottom of the thread, in the end

of the stem, and the main body of the stem will, of course, be

increased a suitable amount for machining and fitting.

The Valve-Springs.—The valve-spring must fill two require-

ments; first, it must exert enough pressure on the valve, when

closed, to prevent its opening on the suction-stroke; secondly, it

must have the required force to close the valve promptly during

the short time for closing.

The first requirement, which has reference principally to the

exhaust-valve, calls for greatly differing spring-tension for different

cases, depending on the manner in which the engine is governed.

In the case of a throttling or cut-off engine, it is erident that the

volume of the clearance-space will affect the amount of vacuum

that can be obtained in the cylinder on the suction-stroke, when

the engine is running light. In an engine having a clearance-

space of, for instance, thirteen per cent of the total cylinder

volume there would be obtained, possibly, a vacuum of 1 1 pounds

below the atmosphere, whereas in an engine having a clearance of

25 per cent the vacuum would not be over 6 pounds below the

atmosphere.

The weight of the exhaust -valve, which helps the spring to

hold the valve closed, should, strictly, be deducted from the re-

quired spring-tension, but as ordinarily this weight is slight,

generally not over of one poimd per square inch valve-area, it

may be neglected.

Accordingly, the exhaust valve-spring for throttling- or cut-

off engines should have a tension, when in place, of 6 to 1 1 pounds

per square inch valve-area; the latter figure referring to producer-

gas or blast-furnace-gas engines with high compression.

In engines the regulation of which is effected by the admission

of a proportionally increased volume of air at light loads (constant-
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volume regulations)
,
the vacuum never becomes as great as in the

throttling engine, and hence the valve-springs can in such engines

be made lighter.

Some hit-or-miss engines require exhaust springs of a tension

of only 4 to 6 pounds per square inch valve-area.

Spring-Tension Required for Prompt Closing of the Valve.

—

In order to close the valve promptly, it is required that the spring

should have force enough to overcome the inertia due to the

maximum change in velocity of the valve in closing.

Assume that a valve, weighing W pounds, is forced to its seat^

a distance h inches, in T seconds, with uniformly increasing and

decreasing velocity, such as the valve-cam would allow.

The maximum acceleration that must be given the valve is,

rpproximately,

acceleration ^ i.Kj X — feet per second,
12 ^

and the force to give this acceleration will be

^ W
, . W 1.57^ Wh , ,F ^ — X acceleration = X - ^ - . (122)

g 32.2 6 123
^ ^

From Figs. 92 and 93, which are normal designs for an inlet

and an exhaust valve-cam, it will be seen that the closing and

opening throws extend, each, over a little less than yi of the total

circumference of the cam. In order that the cam-roller shall

follow the closing cam-throw, it is necessary, therefore, that the

valve closes in a little less than K of one revolution of the

engine. Assume, to be on the safe side, that the valve shall

close in of one revolution. Hence, the time for one revolu-

6d
tiDii being ^ seconds when N is the number of revolutions per

minute, the time required for the closing of the valve will be

r j 60 __
10

^ Iv “ iv’

An ordinary mechanically moved valve ^,not water-cooled),

weighs, approximately, 0.8 pounds per square inch valve-area,

19
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Thus TF = 0.8 X = 0.8 a, approximately,
4

and the lift of the valve is, ordinarily,

h^Hd;

d being the diameter and a the area of the valve-opening.

Inserting the preceding approximate values of T2, W and h,

in equation 122, it becomes

F =
61,500

(122a)

This equation gives:

for ^ = 8 and N = 200, F = 5.20;

and for ^ = 3 and N == 400, F = 7.8 a;

which shows the probable limits for the value of F to be be-

tween 5 and 8 pounds per square inch valve-area. These press-

ures being less than the pressure required to hold the exhaust

valve of high-compression throttling or cut-off engines closed

during the suction-strokes at light loads, it is e\1dent that, in

the case of engines of the latter type, the exhaust valve-spring

should, generally, be given a higher tension than that required

for prompt closing—^with exception in the case of high-speed en-

gines with water-cooled valves, which require that the necessary

spring-tension be ascertained by inserting the correct values of

W, h and T in equation 122.

In the case of automatically operated inlet valves, which

generally are made very light, a spring-tension of only ^ to i

pound will be required; the exact amount depending on the

speed of the engine.

The Valve Cams-—-When cams are used for actuating the

opening and closing of the valves they should be given such a form

as to strike and leave the roller in an easy manner. If this is

done a noiseless valve-operation will be obtained. Figs. 92 and

93 show the commonly employed construction of the inlet- and

exhaust-cams, wdth throws made of case-hardened steel. The
cam-rollers, as is showm in the figures, clear, in their closed

positions, the cams by a small amount. This clearance should
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be carefully maintained after the valve-adjustment has been

made, as a very small change will ordinarily throw the adjustment

all out.

Valve-Setting.—^The inlet-valve of a single-acting, four-cycle

engine should properly open a little before the crank reaches the

head-end centre, and close behind the crank-end centre. The

exhaust-valve opens generally from 30 to 40 degrees before the

crank reaches the crank-end centre, and closes 8 to 12 degrees

behind the head-end centre. The exact setting of the valves

must suit the speed of the engine and the nature of the fuel-gas

used.

Figs. 92 and 93 are diagrams of the valve-setting used for

producer-gas en^nes running at a speed of 800 feet per minute.

The Bj^TarteiTig of the Crank and Reciprocating Parts.—^The

simplest way to balance a revolving weight is by an equal weight

placed on the oppoate side of the shaft, and to balance, perfectly,

reciprocating parts there must be used similar parts moving

symmetrically in an opposite direction to those to be balanced.

Vertically reciprocating parts can be perfectly balanced vertically,

and horizontally reciprocating parts may be perfectly balanced

horizontally by suitable revolving masses moving in an opposite

direction to the reciprocating parts. In balancing reciprocating

masses by revolving ones there will always, however, be evolved

new unbalanced forces acting perpendicularly to the direction of

motion of the reciprocating parts. Thus, in balancing vertically

reciprocating parts there will result horizontal unbalanced forces,

and in balancing horizontally reciprocating parts there will be

evolved vertically unbalanced forces.

In balancing reciprocating parts it is of advantage to use a

light weight placed as far as posable away from the centre of the

axis, and when two wheels are used one-half of the total balance-

weight may suitably be put at the periphery of each wheel. The

whole balancing weight cannot be put in one wheel, excepting by

locating another suitable weight on the opposite side of the centre-

line of the engine. If this second balance-weight is not employed

there wiU result a rocking force not normal to the centre-line of

the engine.
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In conformity with these principal facts regarding the balanc-

ing of engine-parts, it is customary, in an upright engine, to

balance the revolving parts only, the crank-arms, the crank-pin

and one-half the weight of the connecting-rod. A complete

balancing of the reciprocating parts is not attempted, as it is better

to have a free unbalanced force vertically, in which direction it

can be resisted more effectively, than to change it into a horizontal

unbalanced force.

In a horizontal one-wheel engine seven-tenths of the weight

of both revolving and reciprocating parts are generally balanced.

Accordingly, if is the total weight of the counter-weight
;

the radius at which it is applied, in inches;

r the radius of the crank, in inches;

Wi the weight of the revolving masses, includ-

ing the unbalanced weight of the crank-

arms reduced to the radus r, the crank-pin

and one-half the weight of the connecting-

rod;

W2 the weight of the reciprocating parts, in-

cluding the weight of the piston and pin,

and one-half the weight of the connecting-

rod;

Then, for an upright engine

(123)

and for a horizontal engine

W, = o.7^(W, + W^. . . . (123a)

In large tandem engines it is often impossible to apply to

the crank the full required balance-weight, and it becomes of

advantage to apply part of the weight to the crank and part to

the fly-wheel rim.

When two balance weights, on different distances from the

centre of the en^ne, are employed, their relative weights are

determined as follows:

In Fig. 94, Wi is the weight to be balanced, acting at ar^us r,.
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W2 and Wg are the balance-weights, located at distances Ig and

l.j from the centre of the engine, and acting at radii rg and r^.

The centrifugal force due to a weight W acting at a radius r

inches, at JV revolutions per minute, is

C = 0.0000285 r W.

In order to obtain balance between the forces Cj, Cj and Cg

it will be required, first, that = Cj -I- C./,

thus, W, r, = Wg fg •+ Wg Tg, ... . (124)

and, secondly, that the moments relatively to O are zero;

thus, WgTglg = Wgfglg (125)

Hence, if the radii and fg and the distances Ig and Ig be

Fig. 94-

established, the weights Wg and Wg can readily be determined

from equations 124 and 125.

Counter-Weight Bolts.—The bolts holding the counter-weight

to the crank must be figured amply strong to resist the centrif-

ugal force acting on it. This force is

Q — = 0.0000285 r W . . . (126)
grc

being the weight of the counter-weight,

the distance from its centre of gravity to the axis of rotation in

inches;
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V the linear speed of the centre of gra\dty, in feet per second; and

N the number of revolutions.

g is the acceleration due to gravity =32.16.

Fig. 95 illustrates a common and reliable way to secure the

Fig. 95.

balance-weights to the crank-arms. The dovetailed nut pockets

are, after the bolts are tightly in place, filled with lead to insure

against the bolts unscrewing.

Water Cooling.—^AU gas-engines, excepting the very smallest.

Fig. 96.—Water-Cooled Piston.

which may be self-cooling, must be pronded with some means

for cooling the cylinder. Cylinders of a size up to 4 inches may

be cooled by an air-current which is made to impinge on the
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cylinder-jacket, preferably, then, pro\ided with a ribbed cooling-

surface to facilitate the dissipation of heat.

Cylinders over 4 inches are al\vays water-cooled. The larger

the cylinder, the more important it is to thoroughly cool the com-

bustion-chamber, particularly around the exhaust valve-seat and

spark-plugs. Faulty arrangements for the cooling of these parts,

which are most liable to

become over-heated on

heavy loads, will cause pre-

ignitions for compressions

that otherTOse would be safe

and normal for the particu-

lar fuel used.

Single - acting engines

above 20 to 24 inches, and

double-acting cylinders gen-

erally, are provided with

water-cooled pistons and

exhaust - valves
; and the

more liable, the fuel is to

cause pre-ignitions the more

necessary it will be to cool

these parts.

Fig. 96 shows a common
method for cooling the pis-

ton and rod of double-acting

engines. The cooling water

is, by means of a telescoping

tube, admitted to the hollow
Fig. 97.—^Water-cooled Exhaust-Valve. . , j

piston-rod, at the main cross-

head, and it passes from there to the bottom part of the

piston. As it becomes heated the water rises to the top of the

piston and is discharged from the very highest point of it so as

to, as thoroughly as possible, expel with it any air or steam that

may tend to separate off. The hot water is drained from the

rear cross-head, in a \isible stream, by which its temperature

and proper continuance can always be observed.



ENGINE DETAILS 297

Fig. 97 illustrates a water-cooled exhaust-valve of modern

type. The cooling water is admitted through a flexible hose, at

I, and passes through the hollow valve-stem to the crowm of the

valve, from where it is discharged through a small central tube

which stands in communication with the discharge hose O. From
the discharge hose the water is drained, openly, into a drain

funnel so that the flow can always be observed.

Cooling Water Required.—^It may be stated, roughly, that as

a maximum one and one-half times to twice as much heat is

carried off by the cooling water as that converted into work.

Accordingly, each horse-power corresponding to 2,545 heat-units

per hour, the cooling water absorbs

(iK to 2) X 2,545 B.T.TJ. per hour per horse-power,

or from 3,817 to 5,090 B.T.U. per hour per horse-power.

Each poimd of the cooling water absorbs

B.T.U.,

when tf and are the temperature-limits between which it is

heated; and, as the temperature of the jacket-discharge should

ordinarily not be allowed to become over 185° F., it may be said,

that approximately from 100 to 150 B.T.U. are absorbed per

hour per pound of cooling-water.

Hence, the quantity of cooling-water ordinarily required per

horse-power, will be between

i&H and
150 ICO

from 25 to 51 pounds per hour,

or from 3.1 to 6.3 gallons per hour.

Allowing for any ordinary overload-capacity of the en^ne, a

circulating pump suppl3nng 8 gallons pec each rated horse-power

would be ample, pro%dded the water is not supplied hotter than

85® F. For each 10° of temperature higher than 85°, at which the

water is supplied, 10 per centmore pump-capacity wiU be required.

It will be noticed that, if these requirements are filled, the pump-

capacity will, ordinarily, be approximately 50 per cent above

actual requirements.
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The Double-Acting Cylinder.—A double-acting cylinder, as

frequently carried out for the four-cycle engine-type, is shown in

Figs. 98 and 99. The strains in the material of a cylinder of this

construction, and which not infrequently have caused it to fail,

are due to two separate causes: Strains due to the working

pressure, and strains due to the expansion of the inside cylinder-

wall, when heated by the working gases.

It is readily ascertained, that the part of the cylinder-barrel

between the openings cut through it for the accommodation of

the valves will without difficulty be made amply strong for sus-

taining the tangential strains due to the explosion pressure;

figured as a plain cylindrical shell carrying internal pressure.

Whether the axial strains, in a direction lengthwise of the cylin-

der, will be taken up by the inside barrel, or by the outside

jacket, depends on the arrangement made to allow for the expan-

sion of the inside wall.

The design of the cylinder illustrated is that used by the firm

The Maschinen Gesellschaft Nuernberg, Germany, and its weak

sections have, in practice, been found to be in the sections a b

and € d, and also in the outside jacket, at section e/. Due to

the openings for the valve-bonnets, which cut through the outside
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and inside walls, it becomes necessary that the section g h i k is

of ample strength to sustain a total load P^^x, ^ ^7 which it

will be strained, and on this account the distance h i must be

made of a considerable depth, or steel stay-bolts, as shown in the

figure, may be used to help carry the load. Further, as the abut-

ments for the arched part m n o are cut away by the openings for

the valve-bonnets, there will be caused transverse strains in

the sections a b and c d, that must be taken in consideration.

When the cylinder is made, as in the iEustration, with the

outside jacket-wall cast continuous from end to end, the

question will arise, w^hat effect the strains due to the expan-

sion of the material will have on the strength of the con-

struction as a whole.

It is reasonable to assume the temperature of the inside

surface of the cylinder-barrel to be, on an average, 500° F., the

cooling water 100°, and, hence, the average temperature-difference

between the inside barrel and the outside jacket, approximately,

200^ F. Such a temperature-difference WDuld call for an ex-

pansion of the inside barrel of practically one-sixteenth of one

inch, or more, relatively to the outside jacket-wall. The elasticity

of the material will allow of this, assuming the water-space is made
of proper depth. The Nuernberg construction is given adequate

depth of water-space, but there will result in certain sections of the

jacket a not inconsiderable tensile strain; and the inside cylinder-

barrel will be, axially, in compression. The axial strains, there-

fore, due to the pressure on the piston will aU be taken by the

cylinder jacket, which, consequently, must be made of proper

thickness and so ribbed that the axial strains become evenly

distributed.

Some builders prefer to have the jacket core cut through the

outside cylinder-wall at the middle of the cylinder, to avoid any

longitudinal strain due to the expansion of the metal by the heat

transmitted from the working gases. The cylinder-barrel will,

then, take all the axial strain, which it fully can do, without in-

creased stress, because the strain axially is only one-half as

severe as that tangentially. The latter construction involves

some little difficulty in making a water-tight expansion-joint all



300 THE GAS-ENGINE

around the cylinder, and this is what has been sought to be

avoided in the Nuernberg construction.

The Piston-Rod Packing.—^The main idea on which the con-

struction of all modern rod packings is based is to reduce gradu-

ally, and as effectively as possible, from cell to cell of the packing,

the pressure existing in the cylinder to that of the atmosphere;

taking in consideration that ample pronsion must be afforded the

rod to centre itself freely between its points of support at the

Fig. ioo,—Schwabe Piston-Rod Packing.

main and at the rear crosshead. Of the construction of the rod-

packings generally employed the Schwabe packing, Fig. loo, may
serve as an illustration.

It consists of several pairs of^three-parted soft cast-iron rings,

breaking joints; the ring-sections being held together and sprung

against the rod by suitable coil-springs. The packing is self-

contained in a casing that can readily be taken apart, for the

removal or examination of the rings. Effective lubrication and
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cooling of the packing must be provided, and for the latter pur-

pose the packing is, most generally, enclosed in a water-cooled

packing-box, as seen in the figure. The oil-supply is admitted

at a point from where the oil will most effectively be distributed

without tending to leak too freely in to the cylinder. At the out-

side end of the packing there is provided a soft hemp-packing

that will prevent the lubricant from escaping along the rod.



CHAPTER XII

GOVERNING

The methods generally employed for controlling the speed of

a gas-engine are: either the so-called hit-or-miss method or the

throttling or cut-off method, or that of advancing or retarding

the ignition.

Hit-or-Miss Governing.—In the first system the charge is cut

out entirely for one or more pressure-strokes, whenever the speed

becomes above the normal.

This is accomplished by the governor, by withdrawing a

member, a pick-blade or a cam-roller, in the valve-actuating

mechanism, causing the inlet-valve to remain closed against the

admission of new charge. In case the inlet-valve is operated

automatically by the suction of the piston, the governing may be

actuated upon the exhaust-valve by holding it open during the

admission-stroke, thereby preventing the spring-loaded inlet-

valve from opening.

A great variety of hit-or-miss governing devices are in use,

mostly in connection with small-sized engines where any par-

ticularly close xegulation is not very essential. The governor

proper may be a fly-ball go\'emor or one of the inertia or pendu-

lum type.

Various Forms of Hit-or-Miss Regulations.—^Fig. loi illus-

trates a form of hit-or-miss regulation controlled by a fly-ball

governor, in combination with a pick-blade.

S is the cam-shaft, which generally is driven from the main
engine-shaft by means of a psdr of spiral gears, in such a manner
that it makes one revolution while the main shaft makes two.

The cam C secured to the cam-shaft, may thus be timed so as to

actuate the cam-roller Z>, which is carried by the valve rocker R,
at the proper time for the opening of the inlet valve /. The
position of the pick-blade P is controlled by the governor, by
means of the beU-crank P, so that, when the governor is running

302
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below normal speed, the pick-blade is carried in a position to

engage with the valve-stem, and open the valve; but when the

speed is above the normal, the pick-blade will be in such a

position as to miss the valve-stem, and the valve will remain

closed.

Fig. 102 illustrates an inertia governor which regulates on the

hit-or-miss principle by means of a pick-blade. It is a type used

by the firm Crossley Bros., Ltd., Manchester, England, on small

four-cycle engines. 5 is the cam-shaft and C the cam which

actuates the cam-roller D at the proper time for opening the inlet-

valve. A is the governor arm, which on one end carries the weight

G, and on the other the pick-blade P. The valve-rocker R, which

transmits the motion from the roller D to the valve stem I, is

fulcrumed at F, and carries the governor arm hinged on it at H.
The governor arm, with the weight and pick-blade, is thus free

to .swing through a small arc relatively to the rocker R, excepting

that the springM holds it with a suitable force against the rocker,

so as to permit the pick-blade, under certain circumstances, to

meet the end of the valv€-stem I, when the rocker is actuated
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upon by the cam C. K is the valve-spring which holds the valve

closed, and the spring L has for object to push the rocker R back

to its neutral position.

The general motion of the governor-weight is along the arc

a — I whenever the tension of the spring M is strong enough to

hold it in this path. At a certain speed of the engine, however,

the cam C will hit the roller D too swiftly for the spring to hold

the weight in its regular path, and the inertia of the weight will

then throw it back and carry the end of the pick-blade downward

C

so as to miss the end of the valve-stem. When this happens the

valve will remain closed against the admission of any charge.

Fig. 103 illustrates a so-called pendulum governor which

occasionally is used for the regulation of small engines. S is the

cam-shaft and C the cam which actuates the pushrod P. The
latter is guided at D and E, and is carried back to its neutral

position by the spring L. On a fulcrum-bracket, B, secured to

the pushrod there is hinged a pendulum, G, which is made in one

piece with the pick-blade arm A. I is the inlet valve-stem and
K the valve-spring.

When the pushrod is given a reciprocating motion, in time

vith the reqmred periods for opening and closing the valve, the

pendulum will be set in a swinging motion, which at excessive
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speeds will have for effect to carry the pick-blade out of contact

with the end of the valve-stem and thus cause one or more miss-

strokes. The spring M has for object to steady the pendulum

and to reduce the arc of its oscillations, which, without it, would

be excessive.

In Fig. 104 there are shown various arrangements of the

pendulum-governor. In the arrangements I and II there are no

retarding springs used, and as a consequence the swing of the

pendulum and the sensitiveness of the regula-

tion will be excessive. The arrangement III is

practically the same as that of Fig. 103, and

in the arrangement IV the valve will be

hooked in and follow the motion of the push-

rod, until, at excessive speeds, the mechanism

becomes unhooked, leaving the valve to re-

main closed for one or more strokes.

The Throttling or Cut-off Regulation.—In

the throttling or cut-off regulating system the

explosions and pressure-strokes follow each

other always at regular intervals, but with

diminished intensity at light loads, due to the

admission of a charge of impoverished fuel-

value. This system of governing, which is

often applied to modern weU-buiit engines,

may be carried out according to two different

methods. By the first, the so-called constant-quality method, the

charge remains for all loads of a constant proportion of air and

fuel, but at light loads it will be throttled, or cut off, during the

suction-stroke to suit the load. The density of the charge at the
'

end of the suction-stroke, as well as, consequently, its compression

becomes, therefore, variable, and proportionate with the load.

By the second, the so-called constant-quantity method, the

quantity of the charge remains uniform for all loads, but its

quality is made poorer at light loads by means of the throttling

or cutting off of the fuel alone; the air charge, strictly, must be

increased by the amount the fuel is decreased, or, when the fuel

is rich, it remains practically constant. As the density of the

Fig. 103,

20



3o6 the gas-engine

charge after completed suction-stroke remains constant for all

loads, therefore, the compression of the charge ^^dll also be con-

stant under all load conditions.

When the fuel-charge alone is regulated by a cut-off valve, the

object should be to admit the fuel as late during the suction-stroke

as practicable, by which the advantage is sought, to obtain, as far

as possible, a charge consisting principally of air near the piston,

and which gradually grows richer

in fuel nearer the igniter. For

this purpose, the fuel-valve is

opened late and closed near the

end of the suction-stroke.

Constant-Quality Regulations.

—^The regulation system of the

engine illustrated in cross-section

in Fig. 105, consists of a butterfly

valve 7,
controlled by the gov-

ernor, by means of the governor-

shaft Sj the lever i, and the

connection C. The gas arrives

through the nozzle N, and the air

through the opening Aj into the

mixing-chamber M. When the

governor rises it closes the butter-

fly-valve more or less; thus, by

throttling, it reduces the density

of the charge so as to admit to the

cylinder heating-valve in propor-

tion to the momentary load requirements. This is a constant-

quality throttling governing.

Instead of the governor throttling a charge of a constant

mixture of gas and air by means of a butterfly-valve, a cut-off

valve is sometimes used, which, under the control of the governor,

cuts off the charge at a point of the stroke suitable to the load,

similarly as in the steam-engine. An example of this class of

governing is that of the Jacobson engine illustrated in Fig. 147,

page 373-
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Another type of constant-quality regulation is that employed

by the Gasmotoren Fabrik Deutz, Cologne, Germany, and which

is illustrated in Fig. 106. In this regulation the gas and air arrive

to the admission valve through separate channels in which the

gases are throttled to the correct proportions, and they are, at

reduced loads, wire-drawn in the gas and air valve-ports, to the

Governor

Fig. 105.

extent necessary for reducing the density of the mixture to corre-

spond to the momentary load requirements.

Referring to the figure it willbe seen thatthe air- andgas-valves,

which are made in one piece, are slipped over the main inlet

valve-spindle and held there between suitable collars. R is the

admission cam-roUer, which is actuated upon by the cam C, and

which transmits motion to the valve-Ieveri by means of the valve-

rod D. The valve-lever is not hinged to any fixed fulcrum, but^v
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movable roller, M, servers as fulcrum for depressing the admission

valves. The position of the fulcrum-arm A is, as seen, controlled

by the governor. For the position of the arm as shown in the

figure the valves will obtain their maximum lift, but for a rising

governor the fulcrum-roller M will move toward its inward

position, at £, and thus, successively, increase the leverage with

which the valves are actuated upon and cause their lift to be

decreased. As the port-areas for the gas and air will always

Fig. io6.—Deutz Admission Valve-Gear.

increase and decrease proportionately, therefore, the proportion in

which the gas and air is admitted will remain constant.

T is a throttle in the gas-pipe by which the permanent pro-

portioning of the gas and air is controlled.

If the charge actually remains of a constant quality by the

use of the throttling or by the use of the cut-off regulations, there

is then very little difference between the results derived by the

two systems, because the charge must in either case be partially,

or completely, excluded at one time or other during the admission-

stroke, to the extent that the same quantity of charge is admitted;

and the compression becomes in either case the same. Practically
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there is, however, some difference between the two methods,

because by the employment of a cut-off valve the quantity as

well as the quality of the charge may be varied.

Constant-Quantity Regulations.—^To obtain a constant-

quantity regulation the' gas must be throttled separately to suit

the variations in the load. Such a regulation is illustrated in

Fig. 107. The inlet-valve opens in this regulation under all load-

conditions to its full lift, admitting always the full volume of

charge, and while the gas may be throttled more or less the air

Fig. 107.—Constant’Quantity Regulation

charge is in a corresponding proportion increased. That is,

when the gas-throttle is closed the air-throttle is correspondingly

opened; both valves being under the control of the governor.

Fig.. 161, page 397, represents a constant-quantity regulation

in which the fuel-charge is regulated by means of the gas-valve,

which is during the admission-stroke opened to a greater or less

extent; the valve clo^g regularly at the end of the suction-

stroke.

It is well known, and it wiH be shown presently by the results

obtained from indicator cards taken at full and light loads, that

the economy of the throttling or cut-off en^ne decreases rapidly
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as the load decreases. The economy of the hit-or-miss engine,

on the other hand, is more constant for all loads; as would be ex-

pected when all pressure-strokes are made under much the same

conditions as to compression and mixture. The only dissimilarity

between one power-stroke and another is in this engine due to

the fact that after one or more misstrokes the cylinder becomes

more thoroughly scavenged from the burned gases, and, per-

haps, cooled by the air which is taken in and expelled during

the misstroke.

In order, therefore, to attain as high economy as possible,

under all load-conditions, the Crossley Bros., Ltd., Manchester,

Eng., have, for years, been using a combination throttling and

hit-or-miss regulation for engines running on variable loads.

This regulation has also been made a feature of the Crossley

engine manufactured in this country.

A new combination-regulation of this type was recently

described by Mr. Atkinson, in a paper read before the Institution

of Mechanical Engineers of London.

The regulation is shown in Figs. io8, io8a and 1086, and its

principal feature is that, for loads above one-half the rated load

of the engine, it acts on the throttling governing principle, whereas

for loads bejow one-half the rated load it acts on the hit-or-miss

principle. The latter feature is readily observed by a glance at

the illustration. When, namely, the governor arm £, due to a

light load, rises above a certain limit, it pulls the block B away
from the path of the pick-blade, P, which is secured to the valve-

rocker, R, and, as a consequence, the pick-blade passes below the

block, thus failing to open the valve.

The inlet valve-stem is made hollow, and it is connected with

a dash-pot plunger, Z>, moving air-tight in the vacuum-chamber;

C. 5 is the valve-spring which holds the inlet-valve closed, and,

the plunger and the valve being in one piece, the same spring

serves also to push the plunger to the bottom of the vacuum-

chamber. To allow the plunger to move to the bottom of the

vacuum-chamber and close the valve promptly, there is, at T’', a

small snifting-valve opening outwards.

The force that opens the main valve when the pick-blade
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engages with the block B comes through a stiff spring, T,
from the push-head, H, which, normally, butts against a
shoulder at the outside end of the hollow valve-stem; the

spring T, thus, merely serving as a flexible valve-stem for

opening the valve.

At A is a small air valve, which throttles the air-port leading

to the vacuum-chamber, C. This valve is, by means of the

connection K, controlled by the governor. When the governor-

arm swings low, at heavy loads, the valve A will open the air-port

fully, thus preventing any vacuum from forming back of the

plunger, D, and, hence, the inlet-valve wiU move freely to its full

lift and admit maximum charge. When, however, the governor-

arm swings high, at light loads, then the valve A will throttle the

air-port leading to the vacuiun-chamber, more or less, throwing
a proportionally greater strain on the spring, T, in forcing the

main valve of)en. This will, of course, have for effect to compress
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the spring T*, more or less, and to reduce the lift of the valve

correspondingly.

Regulation by Retarding the Ignition.—In very small engines,

temporary changes in the load may be taken care of without

disturbing the regular working of the valves or altering the quality

of the charge, simply by retarding the spark when a reduced

effect is required. This system is of course wasteful, as the

same quantity of fuel is consumed at light as at hea\7' loads, and

it is used only when the actual efficiency of the engine is of minor

importance.

The Governor.—^The Hartung type of governor is, at present,

very commonly used for the regulation of gas-engines of medium
and large size. This governor, illustrated in Figs. 109 and no,

is of fly-ball type, using springs for counter-acting the centrifugal

force of the weights, and it has very generally been adopted on

account of its sensitiveness, minimum amount of internal friction

and great power; it being one of the types that for the least weight

of the fly-weights possess the greatest power. Another feature of

this governor, that recommends itself strongly, is that the fly-

weights can conveniently be enclosed in a casing which makes

attention to the governor, when in motion, entirely safe, even in a

crowded space. The governor is generafly driven from the cam-

shaft of the engine by means of a pair of spiral gears, or, occasion-

ally, by means of spur-and-bevel gears. The spiral driving-gear,

G, in the illustration, Fig. 109, is, it will be seen, free to slide up

on the driving-sleeve a small distance; excepting for the pressure

by which it is held down by the spring S, The object of this

arrangement is to give elasticity to the sudden starting of the

governor.

Rite’s governor is occasionally used for regulating the distribu-

tion of the charge in the gas-engine. The valves are then actuated

by means of an eccentric, the position of which is under control of

the governor.

In connection with large multiple-cylinder engines where

several fuel-valves are to be regulated by the governor, its power

may become insufficient to handle the regulation, directly. In

such cases an indirect regulation may be effected by means of a
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hydraulic piston, the motion of which is controlled by the governor.

Fig. Ill represents, diagrammatically, an arrangement for such

an indirect regulation that has occasionally been used for the

governing of large engines.

Referring to the figure, P, Pi are outside packed plungers

actuating the controlling lever, M, which regulates the engine

valve-gear. The governor is shown in its low position—the

Fig. III.

governor-lever L being down, and the hydraulic plungers held

up by the pressure acting in the top chamber of the hydraulic

cylinder.

If the governor rises, say, to its top position, it will lift the

floating lever pin p to p^, and also lift the hydraulic controlling-

valve, which consists of the three spools a, b and c having a sliding
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fit in the valve-chamber sleeve. The oil, under pressure, will

then be admitted below the middle spool, 6
,
through small holes

drilled in the sleeve, and enter the lower hydraulic chamber,

At the same time there will be effected an outlet for the oil from

the top chamber, iT, when the top spool, a, rising, uncovers the

outlet port of the controlling-valve. The hydraulic plungers

yvilly thus, descend, bringing the lever M down, until the pin q
comes to The floating lever mil then have the position

0 ji, and will thus have brought the controlling-valve back to its

normal position for closing the oil-admission and discharge.

Accordingly, to any position to which the governor-lever L
is brought, to a corresponding position the hydraulic plungers

will instantly bring the lever M, and hold it there, until further

called upon by the governor to again regulate its position.

Advantages of the Different Regulating Systems.—^The factors

that determine the output of an engine are: The amount of gas

admitted, the amount of air admitted, the compression effected,

and the timing of the ignition.

To effect governing, two or more of these features are, as has

been seen, generally changed simultaneously.

In the hit-or-miss system the gas alone, or the gas and air, are

shut off entirely at excessive speeds, but other features remain

unchanged.

In throttling an already completed mixture the gas and air

volumes are changed proportionally, and, thus, the quality of

the charge remains unchanged, but the compression will be

diminished.

By having the gas and air throttle controlled separately the

quality of the mixture may be changed, but the quantity un-

changed, and, thus, the compression unchanged.

Between these proportions the quality of the charge may be

changed to any extent, resulting in a more or less decreased com-

pression. It may even be possible to dilute the charge to such

an extent that its quantity and compression become greater at

reduced loads.

In Fig. 1 12 are represented a full-load and a light-load card

from a throttling engine.
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The initial pressure, the compression, and the mean effective

pressures are as follows:

Of the full-load card

—

Initial pressure.

Compression pressure. .

Mean effective pressure.

Of the light-load card

—

Initial pressure.

Compression pressure.

Mean effective pressure.

p
' = 14 pounds per square inch.

p\ = 104 pounds per square inch.

P'm “ 70 pounds per square inch.

p
'^ = 10 pounds per square inch.

p^'^ = 72 pounds per square inch.

p"^ = 20 pounds per square inch.

Assuming and to be the volumes of the mixture admitted

per stroke, of standard temperature and pressure, respectively,

at full and at light load; and assuming the temperature of the

charge to be at both occasions the same, then we have

Vi p"
14

10
1.4.

This ratio represents also the ratio between the heating-value

admitted per stroke at the two instances. The ratio between the

work performed during the full load and the light load period is

represented by the ratio between themean effective pressures, and is

Hence, the eflSciency is X 3.5 = 2K times as great at

full load as at light load.

The main cause of the poor efficiency at light loads is the

slow combustion of the charge, due to the low compression. It

would, therefore, be desirable to increase the compression at

light loads, wffiich cannot be done, ho'wever, excepting by diluting

the charge with more air; and the question arises, if a quicker

combustion and higher efficiency will be obtained from a poorer

mixture and higher compression. With respect to some fuel-

gases this appears to be the case, and, on this account, a so-called

constant-quantityregulation is in many cases the more economical.

Fig. 1 13 represents a full-load and a light-load card froni a

constant-quantity regulation, and, although the combustion at



Fig. 1 1 2.—Constant-Quality Regulation.

at light load, so as to obtain a more complete combustion at

commencement'of the pressure-stroke. Regulations of this order,

combining a constant-quantity regulation and advancing ignition,

have been tried, and the appearance of the cards would indicate

Fig. 1 13.—Constant-Quantity R^ulation.

an improvement upon the simple throttling, or cut-off, governing.

Any decided improvement in economy has, however, failed to

appear in practice.
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The diagram Fig. 1 14 represents a full- and a light-load card

)f a constant-quantity regulation, with advancing ignition on

ight loads. It will be noticed how in the light-load card, repre-

lented in fine lines, the ignition takes place early in the stroke,

rausing the initial pressure to become quite high. The question

nay, however, be asked, if the increased frictional work due to a

ligh resistance on the compression stroke does not, actually, offset

vhat little advantage there is derived from a more perfect com-

mstion.

It was brought out, in connection with the subject of the

salancing of the reciprocating parts, that in heavy engines, par-

icularly in engines of the tandem type, a high compression is of

Fig. 1 14.—Constant-Quantity Regulation with Advancing Ignition.

.dvantage for quiet running of the engine. It would therefore

eem that the constant-quantity regulations^ in which the com-
ression remains the same for aJl loads, would particularly be de-

irable for heavy engines.

It being a fact that a weak charge requires a higher com-
ression for rapid combustion than a richer one, it has been

Liggested and tried, to compress, at light loads, a charge of a

ighly diluted mixture to a higher pressure than the regular

barge at heavy loads. In other words, the rich mixture at heavy

ads is throttled to the required extent for avoiding pre-ignitions,

id the weaker mixture is admitted at a greater density to obtain
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a high compression. In the diagram Fig. 115 are shown a full-

and a light-load card representing a regulation of this kind,* in

combination with an advancing-spark regulation.

Theoretically, the combination regulating systems appear to

be ideal, but, practically, the advantage gained in a higher

efficiency is often offset by the greater complications they involve.

There are, however, cases when the nature of the fuel, and the

load-conditions, are such that an improved combustion is of

importance, disregarding whatever improvement in efficiency

may be effected.

In throttling engines drawing the fuel-mixture from a mixing-

chamber, particularly when the latter serves two or more cylinders,

there is often, at light loads, difficulty from back-firing into the

Fig. 115.—^Regulation with Increasing Quantity at Light Loads.

. mixture. It is due to slow combustion of the fuel when insuffi-

ciently compressed; the charge still holding fire when the inlet

valve opens for a following suction-stroke. With fuels not

readily vaporized, or poorly mixed, difficulties of this nature will

be serious. In such cases a high compression and an early

ignition will be very essential, and the combination governing

system may be used to good advantage.

Factors that Enter the Problem of the Governing of Gas-

*This regulation was a feature of the Letombe gas-engine built by the
Sod^td Anonyme d'exploitation brevets Letombe at Lifle, and exhibited at the
Paris Exposition.
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Engines.—^The conditions under which the gas-engine operates

make the perfect governing of the engine much harder to accom-

plish than is the case with steam-engines. The disturbances

that militate against a good regulation of the speed, disregarding

those due to explosion waves about which not enough is known

to tell exactly what influence they may have on the regulation,

are, principally, pre-ignitions, back-firing, and fluctuations in

the explosion-pressure.

Pre-ignitions and back-firing, which may be considered as

being of only temporary nature, are readily guarded against when

the cause of the disturbances is understood; and after an engine

is once adjusted to the conditions under which it is working, such

disturbances are, generally, practically eliminated.

Pre-ignitions, or self-ignitions, are often due to one or other

of the following causes:

Excessive compression of the fuel used; an uneven gas-

mixture, a too readily ignitible rich charge being occasionally

supplied; an over-heated exhaust-valve, piston, ignitor, or some

protruding and poorly jacketed part of the combustion-chamber;

a poor grade of cylinder oil allowed to leak past the piston and

becoming carbonized in the combustion-chamber; foreign matter

and impurities admitted with the gas or air charge, collecting in

the combustion-chamber and holding the fire; a too rich fuel-

charge which, due to incomplete combustion, leaves a carbon

deposit in the cylinder.

If due to the over-heating of some part in the combustion-

chamber, a more thorough water cooling, or the removal of some

unnecessarily protruding part may become necessary to stop pre-

ignitions; or, occasionally, the reduction of the engine-speed may

help matters.

The usual causes of back-firing into the mixing-chamber are,

in general: slow combustion due to a low compression, a fuel

fxjorly vaporized, or leaky valves. The effect from back-firing

may be very much reduced, or entirely eliminated, by doing away

with the mixing-chamber, and effect the mixing of the fuel and

air first at the inlet-valve. Should the inlet-valve leak, it would,

of course, with this arrangement still be possible that the flame
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1

miglit throw back into the gas and air pipes, but any serious dis-

turbance udll not be caused.

In Fig. 1 16 is shown a continuous diagram of the explosion-

pressures obtained for a series of explosions. Diagrams of this

description are readily obtained by advancing the paper-drum of

the indicator, steadily, for a series of explosions, while the pencil-

arm records the height to w'hich it is driven by the explosion-

pressures. The diagram illustrated, which was taken during a

1

J u J Lu — L.. j
Fig. 1 16.—Continuous-Explosion Diagram.

period of partially light and partially heavy load, but, at each

period of perfectly steady load, shows the fluctuations in the

maximum pressure from cycle to cycle.

The causes of the variation in the explosion-pressure, under

constant load-conditions, are of a variety of kind, and cannot

readily be guarded against.

The more evident causes of the fluctuating pressures are:

An uneven mixture, due to pulsations in the gas, the atmos-

phere, or the exhaust; an uneven compression, due to an un-

steady governor, due to pulsations in the mixture supply, or due

to poorly guided valves, causing the valves to seat themselves

more or less tight; variations in the point of the ignition, probably

due to the springing of, or due to the inertia of, the ignition-device,

causing the spark to be timed unevenly.

With a reasonably heavy fly-wheel, the effect of the fluctuations

21
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in explosion-pressure is not generally serious enough to impair the
steadiness ofj^e speed of the engine, but, in order to obtain the
most effectivi^overning, the effort should be to eliminate as
many of the enumerated disturbing influences as oossible, without
the introduction of.implications of detail, that, on the other hand,
will in themselves become objectionable.



CHAPTER XIIT

ENGINE AUXILIARIES

Carbureters.—When liquid fuels are used, a fuel-vaporizer,

or what is commonly called a carbureter, becomes a necessary

auxiliary to the gas-engine. The three most generally employed
modern types of carbureters for gasoline are shown in Figs. 117,

1 18, and 1 19. The one illustrated in Fig. 117 is of the type in

which the gasoline is supplied to the vaporizer under a slight head;

a check-valve being utilized to check the flow during the intervals

between the suction-strokes. The check-valve is, in the apparatus

illustrated, made large, serving also to check the return flow of the

carbureted air. This type is often used in connection with two-

cycle engines, in which the carbureted air is under pressure during

the forward stroke of the piston. The gasoline-connection is

made at /, and the supply is adjusted, as to quantity, by means of

the needle-valve, iV, which may be set by trial to give a suitable

opening for the admission of the fuel.

Carbureters of this type are simple, but they are liable, at

varying loads and when the gasoline-pipe is of some length, to

give trouble. There being no storage of gasoline near the spray

opening, pulsations in the gasoline supply-^pipe affect the tillflow

of the fuel differently at different periods. This difficulty may be
overcome by fitting in the fuel-pipe near the carbureter a constant-

level reservoir from which the fuel will be drawn directly into the

supply-opening to the carbureter.

It must be borne in mind that, in order that the gasoline-

en^Se shall oi)erate properly, the fuel required for the proper

mixture at any load-condition must be supplied uniformly, and
that the engine will never act well if there is the slightest cause for

sudden and extreme changes in the composition of the mixture,

'which are not called for by any variation in the load. The more
sensitive the governor is, other conditions being equal, the more
sensitive the engine 'will be for pulsations in the fuel-supply.'
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Assuming that, due to disturbances in the fuel-supply, a heavy

charge be admitted at a period of light load, it is e\ident then that

a following charge would, through the action of a sensitive

throttling governor, become extremely weak, and apt to cause

back-fire into the mixing-chamber due to slow combustion.

Again, alternate very rich

charges are apt to cause pre-

ignitions due to an over-supply

of the fuel.

Fig. 1 18 is a constant-level

reservoir-carbureter. In con-

nection with this carbureter

there is a small gasoline pump
driven by the engine, which

supplies a suitable amount of

the fuel from the fuel-tank into

the reservoir R; keeping it

constantly filled to a certain

level, one-half to one inch below

the spray-nozzle N. Whatever

amount of fuel the pump sup-

plies above what is used by the

engine will be returned through

the overflow pipe O to the fuel-

tank. At each suction-stroke

of the engine, gasoline wdll be

drawn into the vaporizer-

chamber, due to the slight

vacuum created there, and it will be absorbed by the air entering

through the air-supply pipe A. Before starting the engine, the

fuel must, of course, be pumped by hand into the reservoir, to

supply the requirements for the first explosions.

This carbureter is often used to advantage in connection with

stationary four-cycle engines.

Fig. 1 19 is a type of float-feed carbureter, which is most

generally employed for all classes of gasoline engines. C is a

small float-chamber, in which the fuel is held at a constant level
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by means of the float, F, and inlet valve, V, operated by it. From
the float-chamber the fuel is supplied to the nozzle, N, through

which it is sprayed during the suction-strokes into, and ab-

sorbed by, the passing air-current entering through the air-

supply port A.

It is often the case that the carbureted air leaving the carbu-

Fig. 1 18.

reter is too rich in gasoline-vapor for complete combustion, and it

becomes necessary to mix it with additional air. The secondary

air-supply is, in the apparatus illustrated, taken in through the

orifice at O, and it may be throttled to any extent required, by

Fig, I 19.

bringing the throttle-valve handle more and more over toward

the position B G. After this position is reached the cut-off valve-

bridge, D, comes into action, closing the inlet, E, to the cylinder.

There is no needle-valve used for regulating the orifice of the
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spray-nozzle; the latter being made permanently of a size to

correspond to the requirements of the engine. The screw-

spindle S allows, however, to some extent, an adjustment to be

made.

The by-passing of air through the secondary air-inlet is

necessary in engines of a considerably varying speed, in order to

overcome the tendency of the suction spray-nozzle to supply an

excess of fuel at high piston-speed, when the vacuum in the mixing

chamber becomes high.

The carburetion of gasoline will be more effective when dry

and slightly heated air is used for absorbing the fuel-vapor; and

the air-supply is, therefore, often drawn from a place where the

heat from the engine-cylinder or exhaust-pipe will have for effect

to pre-heat it to some extent. The pre-heating of the primary

air-supply will, particularly, be desirable when, as often is the

case, only part of the final air-charge, one-third or less, is expected

to vaporize the full quota of gasoline.

iMcohol Carbureters.—^The same carbureters which are used

for gasoline may, with certain restrictions, also be used for

vaporizing alcohol-fuels. For alcohol the pre-heating of the

air is much more necessary than with respect to gasoline-fuel,

because the former fuel vaporizes much more slowly. The

object should also be to minimize the vacuum in the vaporization-

chamber, because a high vacuum tends to chill the air and thus

prevent it from readily absortang the fuel. On this account, the

port-openings through the apparatus, for both air and fuel, are

required to be more ample than in the case of some more readily

vaporized fuels. The entire air-supply ^should pass over the

spray-nozzle, or, at most, only an unimportant part of the supply

be by-passed.

Principal Auxiliaries of the Automobile Motor.—^In Fig. 120

is represented a modern automobile engine, in connection with

its fuel-supply system and cooling system. The former consists

of the gasoline tank, from which the fuel is supplied to the float-

case from there to the carbureter; always at a constant siiead.

In the carbureter a fuel throttle is applied, by means of which the

speed and power of the engine can be regulated by the driver;
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or the fuel may be cut off to the extent of merely keeping the

motor, empty, in motion. The gasoline tank is, in practice, not

always located so as to feed by gra\’ity, as in the figure, but a

slight air-pressure may, by means of a hand-pump, be created in

the tank, by which the fuel is forced out, and in to the float case,

with equal certainty wherever the tank may be located.

High-power machines must always be cooled by means of a

water-cooling system, since the cooling-surface required for the

dissipation, directly to the air, of the heat that necessarily must

be carried off is, in these, far in excess of that which the engine

itself can well present. A radiator composed of a number of

ribbed pipes, can however, always be built to present any surface

required; and when in motion, the air then being set in a rapid

circulation through its coils, such an apparatus is very effective

for dissipating heat.

A small rotary pump is used to effect a good circulation in the

cooling-system. The hot water passing off from the highest

point of the jacket is carried through the radiator, in which its

temperature is rapidly lowered and after having been cooled it

collects at the bottom of the water-tank below, from which it is

again drawn by the pump and forced in at the low'er part of the

engine jacket.

The Exhaust Mufller.—An exhaust muffler, or silencer, is

shown connected to the discharge-pipe from the engine in Fig.

120.

In order to prevent the noise incidental to the escape into the

atmosphere of the exhaust from the gas-engine, the remaining

heat-energy of the gas, its capacity for doing work, which will be

transferred into noise at its escape, must be dissipated.

Its pressiure might be reduced, or its volume increased, by

which two alternatives its senableheat becomes reduced. Further

its potential energy must be dissipated by reducing the velocity

of the escaping gas.

These reciuirements are effected by changing, gradually,

through expansion, the heat-energy of the discharge into velocity

of the gases, and by reducing this velocity, by means of baffles,

to a desirable limit, before the gases are allowed to escape. Of
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course a direct cooling of the gas in the exhaust pipe, if practical,

will greatly help to reduce its heat-energy and to silence the

exhaust.

In the apparatus illustrated, the gradual expansion of the gas

is effected by allowing it to escape through numerous holes shown

in the pipe A. The velocity acquired by the various streams of

gas when expanding in these nozzles is then readily baflBed in

the chamber B, and still further in the return-chamber C.

The muffler, unless it is made quite large, always throws some

back-pressure on the engine, and it is on this account not a very

desirable apparatus, but it is, in many cases, a necessary auxiliary

to the gas-engine.

Ignition Devices.—^The modern method for igniting the charge

in the gas-engine cylinder, excepting in certain classes of kerosene-

or oil-engines which are self-igniting, is by means of an electric

spark. The requisite current may be obtained in various ways.

By means of a common ceU-battery, by a storage-battery, from

an electric service-circuit, or by means of a small special dynamo
or induction-magneto.

The electric spark is formed in two ways. By the so-called

jump-spark system, and by the make-and-break system.

In the former system there is provided, in the secondary

circuit from an induction-coil, a gap between two sparking-points

in the cylinder. When thus the primary circuit, in series with

the battery, is opened or closed a spark will be formed between

the sparking-points— it, so to speak, jumping across the gap

between the points. Hence the name of the system.

Fig. 121 illustrates the general scheme for the jump-spark

system. 1 is the induction-coil, B is the battery, Y the wiper

opening or closing the primary circuit by coming in contact or

out of contact with the contact-piece C. S represents a standard

spark-plug .screwed into the head of the cylinder and connected

at its terminals with the leads frohi the secondary -winding of the

induction-coil.

With the wiper V touching the contact C, the primary circuit

may be opened and closed a series of times by means of an

c^tdinary vibrsitor, ^jacfa as is used on a Rhumcorf c(ffl, in which
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case a number of sparks are formed at the sparking-points.

Ordinarily, however, the \ibrator may be left out and then two

sparks only will be obtained, one when the wiper V closes and one

when it opens the primary circuit.

The Make-and-Break System.—^In the jump-spark system the

current must be of high tension to cause a spark to form between

the sparking-points; these being generally set -^2 tV of one inch

apart. In the make-and-break system the sparking-points arc

in contact before the time for a spark. When the circuit then is

Fig. I2I.

brokenj suddenly, by moving apart the contact-points, a good

spark wiU be formed with a current of less tension than that re-

quired in the jump-spark system, and the deterioration of the

sparking-points will be less. The primary wire of an induction-

coil is often inserted in the circuit, as in Fig. 122, in order to

intensify the spark.

Fig. 122 represents the arrangement of an ignition device of

the make-and-break system. In the circuit from the battery, B,

is inserted the induction coil I and the leads, I connecting with

the fixed and movable electrode. Ordinarily, the circuit is open

by having the movable sparking-point thrown back in the position
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a by means of the coil-spring 5. C is a crank secured to the end
of the valve-gear shaft, and it carries one end of the pick-blade

lever, L, whose other end is secured by the pin d to the link, K.
By the same pin is also secured the pick-blade, P, which is also

held in position by a stiff spring T. When the shaft revolves in

the direction of the arrow, the pick-blade will, at the proper time,

just before firing, engage with the lever M and swing it toward
the right, thereby closing the electric circuit; the spring T serving

to press the contact-points firmly together. At the time for firing

Fig, 122.

the lever M will disengage and sudderily break the contact be-

tween the sparking-points, causing a spark to be formed.

Instead of the battery, a small generator driven by the engine

may, of course, be used, and in such a case the battery, B, and
inductive-coil, I, would be switched in the circuit only for starting

the engine. ^
The inertia of the make-and-break mechanism tending, at

high speeds, to make the timing of the spark more or less uncCT-

tain, it is apparent that the jump-spark system will be the more
suitable for engines of a high number of revolutions.

Magneto Ignition.—^The latest and simplest device for generat-

ing a current for ignition is by means of the induction-magneto.
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The Bosch type of magneto, which is now often found to work in

connection with all classes of engines, consists simply of a small

Siemens armature which is made to oscillate between the poles of

a permanent steel-magnet. Fig. 123 shows the complete arrange-

ment of the ignition device in connection with this apparatus.

M is the magneto. On the armature-shaft is secured a F-crank

which is pulled positively to its neutral position by the springs

S S. C is the cam-shaft of the engine. On the end of it there is

secured the crank F carrjdng one end of the pick-blade lever L.

When the shaft revolves in the direction of the arrow, the pick-

blade B will, at its motion toward the right, engage with the

T-crank, carrying it out of plumb toward the right. At the

proper moment for firing, the F-crank is disengaged and is pulled

quickly back by the springs S. A current is thereby generated

in the windings of the armature, which is led to the stationary

electrode e of the spark-plug P. At the moment when the T-crank

is disengaged and swings to its normal position, the forked end

of the push-rod R will give to the crank-arm A of the movable

electrode a blow which causes it to swing to the left^ thereby

momentarily breaking the contact between the sparking-points

in the cylinder. These points are normally held in contact by

means of a weak coU-spring D, which is in the figure partly

covered by the push-rod. In returning to the left the pick-blade
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clears the end of the T-crank, and by lowering or raising the left-

hand end of the pick-blade lever, by means of the link, eccentric

and hand-wheel W, the release of the T-crank can be made to

occur earlier or later, according to the desire to advance or retard

the spark. The timing of the spark is thus accomplished by

turning the hand-wheel W to the right or left and locking it in

the various holes of the quadrant Q. The timing-device of the

igniter. Fig. 122, is very much of the same arrangement.

In some makes of engines the timing of the spark is accom-

plished automatically by the governor; the object being to effect

an earlier ignition at light loads, when the combustion is slow,

due to a lean mixture and low compression.

In Fig. 124 is shown the general construction of a spark-plug

for the make-and-break system. The stationary electrode S

must be carefully insulated, electrically, by means of mica or

lava washers and bushings, whereas the movable electrode M
stands in electrical contact with the housing. There is, therefore,

only one lead required from the magneto to the stationary electrode

as shown in Fig. 123.

Similarly, the lead l^, in Fig. 122, may, if more convenient,

be connected to any point of the engine which stands in electrical

contact with the housing of the spark-plug of a construction as

described.
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VARIOUS ENGINE-TYPES

The Two-Cycle Engine.—^The two-stroke cycle, or the two-

cycle engine, is suitable, mostly, when the main object is to

obtain the greatest simplicity in a small engine, or the greatest

amount of power by the smallest weight in a large engine.

Figs. 125 and 126 show the main features of the two-cycle

engine in its simplest form, and its action is as follows: During

the up-stroke of the piston, as in Fig. 125, the charge of suitable

mixture is drawn in to the closed crank-case C through the open-

ing A, and it becomes compressed, slightly, during the down-

stroke—to about 6 to 8 poimds above the atmosphere. When
the piston, passing down, comes to a proper position near the

end of the stroke, the exhaust port E opens first for the exhaust

gases to pass out from the pressure side of the cylinder, and,

later, the inlet port I will begin to open for new charge. Both
ports become fully open when the piston arrives at the lower

centre, as shown in Fig. 126. The charge will enter from the

crank-case in to the cylinder, expelling the neutrals before it,

until, soon after- the beginning of the upward stroke, the inlet

port first and then the exhaust port become closed by being

covered by the piston, and the compression of the charge com-
mences. When fully compressed, at the time the piston arrives

at the top position, the charge will be ignited, and the power
stroke will follow during the down-stroke.

Thus, every down-stroke will be a power-stroke and every

up-stroke a suction-stroke. Two full strokes of the piston con-

stitute one cycle.

A closer regulation of the charge and a more reliable action

can be obtained by using an inlet-valve with adjustable spring-

tension. Figs. 127 and 128 illustrate a small marine engine with

such an inlet-valve^ of the design of Smalley Bros. Co., Bay City,

Mich. The speed-regulation of engines of this type is sometimes

334
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effected by the throttling of the charge in the inlet-valve, in which

case means are provided for preventing the inlet-valve from lifting

to its full lift, when a reduced speed is required.

The compression of the charge, instead of being performed

by the w'orking piston, may, of course, be accomplished by a special

compressor-cylinder, and in large two-cycle engines this will be

nearer at hand.

The Koerting Two-Cycle Engine.—The Koerting double-

acting, two-cycle engine is a type in which the air and gas for the

charge are compressed and delivered separately by auxiliary

pumps driven by the main engine shaft. The pump-pistons are

so proportioned and their motion so timed with respect to the

main working piston that the proper amoimt of air and gas will

be delivered to the wcarking cylinder at the proper time. It is
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Fig. 127.
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to be noted that the gases remaining in the cylinder from a

previous expansion-stroke are not, in the two-cycle engine, re-

moved by a following exhaust-stroke, and it becomes therefore

necessary to resort to scavenging, in order to remove the neutrals

which fill the cylinder after the expansion-stroke is completed.

This is in the Koerting engine, as in two-cycle engines generally,

accomplished by forcing a current of air through the cylinder

while the exhaust port remains opened, and it becomes the

function of the air pump to furnish also the necessary air for the

purging of the cylinder.

Figs. 129a and 1296 are a plan and a front view which show

Fig. 129c.—^Koerting Two-Cycle Engine. Sectional Plan.

the general arrangement of the Koerting engine, and in Fig. 130

the working cylinder and the pumps are shown diagrammatically.

As seen in Fig. 130, there is, for each end of the working cylin-

der, only one valve—the admission valve; the discharge being

exhausted through ports, M, at the middle of the cylinder, and

these are covered by the piston at aU times, excepting at the

end of each working stroke. The admission valve-casings .4 and

B, are provided with separate air- and gas-ports terminating

directly above the admission valves.
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Referring to the compressor pumps: C is the air pump and

D the gas pump, and their pistons are driven by a continuous

rod from a crank on the main engine-shaft.

The action of both pumps is controlled by piston-valves

—

E the air valve and F the gas valve—driven by means of rockers

and separate eccentrics from the main engine-shaft (an earlier

type of valve gear which is shown in Fig. 129a used, however, one

eccentric only for both valves). The admission to the air pump
is at G, and the air discharge ports are at H H, while the ad-

mission to the gas pump is at I and the gas-discharge to the

working cylinder at K K. By the paths of the arrows leading

Fig. i2gh .—Koerting Two-Cycle Engine. Front View.

from the discharge ports of the pumps are indicated the connecting

channels between the pumps and the working cylinder, and it

will be seen that the crank-ends of both air- and gas-pumps dis-

charge through separate channels to the crank-end of the working

cylinder, while the head-ends of both pumps discharge, also

through separate channels, to the head-end of the working

cylinder; x x are regulating valves to which reference will be

made presently.

In Fig. 130 the working piston, P, is represented as having
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arrived at the end of its forward stroke, and the exhaust ports are

fully uncovered for the discharge to escape from behind the

piston. When the piston occupies this position the pressure

back of it, in the head-end of the cylinder, has become nearly

fully relieved, and the head-end inlet valve, B, has opened a

small amount. The crank drimg the gas and air -pumps being

Fig. 130.—Koerting Two-Cycle Engine,

set ahead of the main crank about no degrees, the pump-pistons,

when the main crank passes the forward centre, will occupy,

approximately, the positions in which they are shown in the

figure. The piston-valve for the air pump will be open for dis-

charge at the head-end, and the pressure in front of the air piston
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will be from 4 to 8 pounds gauge. When, therefore, the main

inlet valve opens there will be an inrush of air from the air

passage, which drives the burned gases, as completely as possible,

out through the exhaust port and fills the cylinder with pure

air. The piston-valve controlling the gas pump is, as yet,

closed, but it will open immediately for supplying the fuel for

the next charge

In the diagram, Fig. 13 1, the main crank and the pump crank

are represented in positions corresponding to those of the working

piston and pump pistons in Fig. 130. When the main crank

passes the point a the exhaust valve will begin to open and it

becomes fully open at the end of the stroke, at c. At h the main

inlet valve begins to open, admitting the scavenging air-charge,

as explained above, and at d the piston-valve for the discharge

of the fuel from the gas pump to the engine-cylinder will uncover.

This will occur, accordingly, a little later* than the position in

which the pistons are shown in Fig. 130. Both pump-pistons

moving together, they will, from the point d, force air and fuel

in to the working cylinder, in a proportion that depends on the

relative size of the pistons and on the relative resistance the air

and the gas will meet in the passages from the pumps to the

working cylinder, and they will continue to force the charge in to

the cylinder until the main exhaust -ports close, at the point e of

the diagram. From that point, until the main inlet valve closes,

at/, there will occur compression of the charge between the pump-

pistons moving one way and the working piston moving in the

opposite direction. At the point /, which occurs approximately

when one-third of the charging stroke has been swept through by

the working piston, the pressure in the cylinder will be from 8 to

10 pounds, and from there, until the end of the charging stroke,

the charge will be compressed by the working piston alone. When
at the end of the stroke the charge is fully compressed ignition

takes place.

The capacity of the air pump is determined to suit the volume

of air required for scavenging and for charge, and this quantity

remains the same for all load-conditions. The air-pump piston-

valve is set so as to give the maximum efficiency at thecompression;
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admitting air to the pump cylinder soon after the beginning of

the suction-stroke and opening for discharge as nearly as possible

when the compression-pressure equals that in the delivery pipe.

The gas valve, on the other hand, is set to deliver to the working

cylinder a fuel-charge of the required pressure and at the correct

moment, which is when the main crank passes the point d, Fig.

13 1, or when the pump-crank stands approximately 120 degrees

from the crank-end centre, c. The gas pump, therefore, will not

begin to compress its charge at the beginning of the compression-

stroke, but will return through the suction-port part of the charge

which it has taken in, until the admission-port becomes closed at

a point suitable for bringing the compression-pressure to that

required at the point d.

Accordingly, with piston valves dischar^ng at the outside

edges as shown in Fig. 130, the adjustment of the eccentrics for
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the air and gas pumps relatively to the crank will be, approxi-

mately, as shown by. the diagram, Fig. 131.

The Koerting engine is governed on the principle of admitting

a variable quantity of fuel in a constant quantity of charge, and

this is carried out by supplying the fuel to the working cylinder

at a pressure which varies in accordance with the load. The
function the governor performs is to regulate, according to the

momentary requirements, either the quantity of gas which is

taken in to the gas pump for compression or the volume of com-

pressed gas when it is being delivered to the working cylinder;

either one or both.

The former may be done by means of a combination inlet and

cut-off valve, or possibly by means of a shifting eccentric. The
latter simply by throttling and by-passing the compressed gas

when it is being delivered to the cylinder.

In the diagrammatical drawing of the Koerting engine, Fig.

130, the latter regulation is represented by the butterfly-valves

vs X which are assumed to be under the control of the governor.

In the Koerting engine the piston travels 12 per cent of the

stroke past the opening edge of the exhaust port, and during the

time when the piston travels this distance, back and forth, until

the closing of the exhaust port, which is just about one-fourth of

the time for one revolution, the three fimctions, of discharging

the waste gases, of scavenging, and of introducing the new charge,

must be performed. An engine running 100 turns per minute

would, thus, have only 0.15 of one second for performing these

fimctions. It can readily be percdved, therefore, that the velocity

with which the gases must be introduced in order to fill the

cylinder in this short space of time must be considerable, and this

circumstance is known to be the cause of a material loss through

flxiid friction, which may put a limit to the number of turns the

engine can make, advantageously.

Fig. 132 is a diagram representing the exhausting and charging

processes which take place at the end of each stroke of the piston,

and it shows plainly the events occurring, from the time of the

opening of the exhaust valve, imtil the compression of the charge

by the working piston is in |>rogress,‘
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In order to promote the effective scavenging of the cylinder,

the cylinder-head is formed as a deflector for the air current that

enters through the admission valve on top of the cylinder. The

object sought is to guide the general current of the charge in an

axial direction so as to exclude, as much as possible, the inter-

mingling of the new charge with the w’aste gases and to insure

the latter’s more effective expulsion.

Fig. 133 shows the general construction of the cylinder and

valve-gear of the Koerting engine built by the De La Vergne

Machine Co. of New York.

The valve-gear shaft is driven, of course, in unison with the

main shaft, by means of a pair of mitre-gears and the valves are

actuated from this shaft by cams, and rockers w^hich are ful-

criimed on the valve-bonnets. The spiral gear for driving the

governor will be seen in the illustration, at about the middle of

the valve-gear shaft, but the governor itself is removed. The
cooling system for the cylinder is plainly shown; the water being

admitted at a low point at each end of the cylinder, and discharged

from the very top of the middle of the same. It drains from there
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through a pipe leading to a general cooling-water drain in the

hollow base-casting, which discharges through the nozzle shown

in the foreground in the illustration.

The piston is, of course, made hollow and is cooled by water

admitted through a hollow piston-rod.

The engine is started by means of compressed air, which is

admitted to the working cylinder by a small slide-valve, similarly

as in an ordinary steam or compressed-air engine. The general

Fig. 133-

starting arrangement, which is practically the same for all types

of double-acting engines, is described more in detail at page 404.

The ignition is controlled by means of an independent igniter

shaft, the position of which, relatively to the valve-gear, can be

advanced or retarded to suit the required time for firing.

The theory-is often advanced, particularly with respect to the

two-cycle engine, that a stratification of the different components

of the charge in the cylinder will occur, so that after compression

there will be found, nearest the piston, in succession, layers of

isJbsec
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biirned gases and of air, and from there the charge will succes-

sively grow richer and of a more perfect quality toward the inlet

valve, near which the igniter generally is located. It seems,

however, that the word “gradation” -would more nearly express

the occurrence; the likelihood being that the charge actually,

under certain conditions, becomes more or less gradated to its

composition—the inert elements and scavenging air being mixed

in, in a greater quantity, toward the piston.

It is, of course, possible, by increasing the amount of air for

scavenging, to increase the thoroughness -with which the waste

gases are expelled from the cylinder, though with increased loss

due to negative work. It would, however, be -with risk of wasting

part of the fuel through the exhaust port that the attempt would

be made to fill the cylinder completely -with fuel-charge. On

this account the cylinder is generally not charged with fuel-

mixture at a higher rate than to about 85 per cent of the volume of

its working stroke. The complete charge in the two-cycle engine

will, therefore, be approximately at par with that of the four-cycle

non-scaven^ng en^ne.

The Oechelhaeuser Engine.—^Another two-cycle engine, which,

like the Koerting engine, is used extensively in Germany, where

it is frequently installed for the operation of blast-engines, par-

ticularly, is the Oechelhaeuser engine, iUustrated in Figs. 134a

and 134J.

A feature of this engine is that its cylinder is equipped -with

two pistons; one reciprocating in the front end of a long cylinder,

while the other works, adversely to the front one, in the rear end.

The rear piston is, by means of a rear crosshead and yoke, side-

rods, and a double set of main crossheads and connecting-rods,

coimected to two side-cranks of the same throw as the centre-

crank to which the front piston is coimected. This feature is

plainly shown in the plan view. Fig. 134^.

The engine-shaft is, accordingly, equipped with three cranks

of which the outside ones take, each, one-half of the force due to

the impulse on the rear piston, and the centre-crank takes the

full force due to the impulse on the front piston. For each

revolution of the wheel there occurs, thus, two simultaneous



VARIOUS ENGINE-TYPES 347

impulses; the one on the front piston moving toward the front

and the one on the rear piston moving toward the rear. This is

in effect, as far as the power, and the speed regulation during

the cycle are concerned, the same as if there were for each revolu-

tion only one impulse, acting on the given crank arm, of twice the

magnitude as that due one piston. Assuming that the reciprocat-

ing parts of an engine of this type were of the same weight as those

of a four-cycle single-cylinder double-acting engine, then the

speed regulation during the cycle would for both engines be the

same, and the engines would require the same weight of fly-wheel.

The balancing of the reciprocating parts of the engines would,

however, be materially different.

It will readily be seen that the balancing of the Oechelhaeuser

engine is nearly perfect, due to the fact that the two pistons are

always moving in an opposite direction to each other. The only

discrepancy from perfect balancing arises because the acceleration

of the reciprocating parts moving toward the front is not, at all

times, exactly the same as that of those moving toward the rear,

due to the influence of the limited length of the connecting-rods.

There may, of course, besides be some difference in the actual

weights of the two sets of reciprocating parts.

On account of the practically perfect balancing, any tendency

toward the rocking of the engine on its foundation is eliminated,

but the tendency toward noisiness of its m'any main pins is still

there; particularly if the reciprocating weights should be heavier

than suitable for the compression-pressure and piston-speed

employed. The piston-speed used in this engine is generally

from 8oc to 900 feet per minute.

It will be of interest to examine somewhat closely into the

construction of the engine illustrated, as such an examination

will bring out several features of advantage belonging to this

engine-type.

The cylinder is constructed, as may be seen in the sectional

view, Fig. 13,46, of two plain inside cylinder-liners over which the

two jacket-castings have been forced and connected by heavy

flanges, at the middle of the completed cylinder. The inside

flanged ends of the two Eners butt together, and are held securely
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by the same joint that connects the jacket-castings, while their

outside ends are free to expand and contract independently of the

jacket, and, to allow this freedom of the liners, the water-joints

at the outside ends of the cylinder are made by means of a packing,

and by a gland which draws up against the ends of the outside

castings.

The rear half of the jacket has, cast integral with it, the air

and gas admission-channels, while the front half contains the

discharge-channel for the waste gases. All these channels

encircle and cut through the water-space of the jacket, so as to

commimicate all around the cylinder with rectangular ports

which are cut in the liners, near the ends of the actual working

space of the cylinder. At the bottom of the cylinder the channels

connect, respectively, with the air supply, with the gas supply,

and with the exhaust pipe.

At the middle of the cylinder there is, as seen, applied a

check-valve, through which the compressed air for the starting

of the engine is supplied.

The cylinder, thus completed, is centered at the front end,

in the main engine frame and, at the rear end, in the rear guide-

frame, and held axially by flanged joints. It will be e\1dent that,

as there will be no axial strain in the cylinder due to the working

pressure on the pistons, there will never be any question as to the

strength of any transverse section or circumferential joint betw’een

parts of the construction; and, as no strains are transmitted

through the framework of the engine, there will be no difficulty

of holding the rear part of the engine solidly to its foundation.

These advantages are, most particularly, some of those belonging

to this type of engines.

The pistons are water-cooled; the water-space being connected

through hollow piston-rods, by means of telescoping tubes to

the supply and discharge water-system.

In order to facilitate the removal of the pistons from the

cylinder, there are inserted, between the crossheads and the

pistons, flanged, short piston-rods that can readily be disconnected,

and removed, in order to accommodate with the required space

for sliding out the pistons.
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The rear crossbar which connects the two side-rods is attached

to the piston-rod by means of a pin-joint, which allows it to

swivel the amount necessary to equalize the strains in the side-

rods, and, thus, also the pressure on the side-cranks.

As in the Koerting engine, the cylinder of the Oechelhaeuser

engine is scavenged with air, which in this engine is supplied from

an air-tank. A, located directly underneath the cylinder. The
fuel supply is also furnished from a similar tank, F. The air and

the fuel supplies to these tanks are kept up by means of the air-

G-auge

Fig. i$4c.

and gas-pumps, which are both, generally, driven from the rear

crosshead. In the engine illustrated they are driven by means of

a rocking shaft connecting to the rear crosshead by means of the

rocker, i?, and the link, L,

It will be evident how the pistons, by covering and uncovering

the inlet and exhaust ports, will act as valves for the admission

and release of the charge. The timing of the various events of

exhaust, scavenging, fuel admission, and so forth, will most readily

appear from the diagram, Fig. 134^;. The lines E, A and F
represent the cutting edges of the port-openings. The cutting
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edge of the exhaust port, E, is approximately 25 per cent, the

cutting edge of the air port, *4
, 15 per cent, and that of the fuel

port, F, 6 per cent of the piston-travel from the end of the stroke.

The ordinates of the diagram represent the approximate pressures

at the various points of the crank-end of the pressure-

card. The line a-b is the lower end of the expansion line. When

the piston passes the line E the exhaust port becomes uncovered

for the release of the old charge, which, after a period correspond-

ing to about 10 per cent of the stroke, becomes of a pressure equal

to, or below', that carried in the air-tank. At A, therefore, ap-

proximately 15 per cent from the end of the stroke, the ports

communicating with the air-tank will uncover and the admission

of the scavenging air commence. The admission of pure air for

the displacing of the old charge is continued during a period of

about 9 per cent of the stroke, until the fuel-port is uncovered,

which occurs when the piston has arrived within 6 per cent to

the end of its stroke. During the remaining part of the stroke,

and until the fuel-port becomes covered during the return-stroke

of the piston, air and gas, in a suitable proportion for a combus-

tible mixture, are admitted. After the admission of the fuel-

charge is completed, pure air only will again be admitted during

a period corresponding to a piston travel of 6 per cent of the

stroke, from B to A, until the air ports become covered. The

exhaust has remained-open from the time the piston, going out, at

E, uncovered the ports, until they again become covered at the

return of the piston to E. From there compression of the chargj

will continue to the end of the compresqion-stroke.

The main idea of this charging process, it will appear, is to

obtain an effective mixture at the middle of the cylinder, where

the ignition of the charge takes place, and to enclose this mixture

at the ends of the cylinder, toward the pistons, by bodies of air.

It is evident, that should an overload be thrown on to the

engine causing it to slow down, then, if the charging pressure

were too high, the charge may have time to reach the exhaust

ports, before these become closed by the front piston, and not only

become wasted, but liable to cause premature ignition when

ignited by the heat of the exhaust pipe. To preclude pre-ignitions
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there is often applied in the exhaust-pipe, close to the cylinder, a

jet of water that helps to keep the ports cool. In order to cool

and effectively displace the hot neutrals, the air for scavenging is

often carried of a quite high pressure (from 6, sometimes to 9
pounds). The higher the pressure the more effectively the air,

at its expansion to the discharge pressure, will chill the waste

products.

The relative proportions between the air and the gas admitted

for the actual charge, at normal load, must, of course, be carefully

adjusted to that suitable for the best mixture. To effect such a

proportioning, even though the air in the tank, for scavenging

purposes, is carried at a high pressure, there is often applied in

the outlet from the tank a throttling valve, which, by means of an

eccentric on the valve-gear shaft, is operated so as to throttle the

air-pressure to that suitable for the mixture, as soon as the gas

ports are ready to open. This arrangement is used by Borsig,

who is a well-known builder of this type of engines.

The regulation of the Oechelhaeuser engine is arranged

differently by different builders. The general idea is to effect,

as nearly as possible, a constant-quantity mixture for all load-

conditions. To accomplish this it w’ould be required that the

fuel-charge, only, be throttled, and by-passed to the suction side

of the fuel-pump, more or less, to suit the load, but under such

conditions the charge may, at light loads, become too lean even

to ignite, and for that reason the air also must, generally, be

throttled and by-passed by the governor.

The Borsig-Oechelhaeuser engine is, as a rule, fitted with two

ring-valves surrounding the cylinder-liner, at the air- and at the

gas-ports, and having port-openings registering with those in

the cylinder. By means of these valves the air- and gas-ports

may be adjusted, both by hand, to suit the full-load conditions,

and by the governor, for the throttling of the charge at light loads.

The air valve is arranged so as to throttle the air-ports at the top

of the cylinder, principally, by which arrangement the charge

becomes richer near the igniters, and the firing more sure.

An' engine of this type of a-cylinder diameter 43.3 inches and

S3 . 2 inches stroke, running 100 revolutions per minute on coke-

23
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oven gas, is rated by the builders at 1,500 which is a

very conservative rating. For an overload capacity of 20 per

cent the engine would be of, approximately, 2,100 maximu.-i

I.H.P. The corresponding suction-displacement of the pistcn,

per horse-power, is thus as much as 4.4 cubic feet per minuLj,

or the mean effective pressure 54 pounds per square inch of the

piston. The test of che Borsig-Oechelhaeuser engine included

in Table XXXI records, however, an average mean effective

pressure of 74 pounds. Good coke-oven gas, being of a heating-

value practically the same as that of illuminating gas, should

readily give a mean pressure even higher than this. However, as

its heating-value generally fluctuates materially, a consers’ative

figure should be used at estimates. The figure 74 has been

recommended in Table XI for coke-oven gas.

The work required by the air and gas pumps is generally

from 10 to 14 per cent of the total work indicated by the working

cylinder, and this work, together with other resistances of the

en^ne, must, of course, be deducted from the total indicated

work obtained in the working cylinder for obtaining the brake

horse-power of the engine.

The Indicated Power of the Two-Cycle Engine.—The question

has been raised, in case a compressor-piston for supplying the

compressed charge is driven by a two-cycle engine; should the

total indicated power of the gas-engine cylinder be considered

the indicated power of the engine;' or should the power required

by the compressor be deducted from the total power shown by

the indicator-diagram, in order to obtain the indicated power

oftheen^ne?*
.

In the latter case, the indicated power would be at par with

hat obtained in a four-cycle engine-cylinder, which effects

entirely its own compression. The matter resolves itself into a

question as to whether the indicated power of the en^ne is that

indicated by the gas-cylinder alone, or whether it is that indicated

by the gas-cylinder and the compressor cylinder together; the

latter being negative.

* For the various opinions expressed on this question see ZcUschTift des Ver-

ems Deteischer Ingenieure^ for February, April, and May, 1905*
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The value of the indicated power, or of the efficiency of an

engine, is, of course, ascertained in order to serve as a basis for

comparison with results obtained from other engines. In order

that the results obtained from this special type of two-cycle engine

shall be comparable with the condensing steam-engine, with the

Diesel engine, or with some types of obsolete gas-engines, the

indicated power must be that obtained by the gas-engine cylinder,

vdthout reduction for the work of compression, but in order that

they shall be comparable with results from the four-cycle gas-

engine the indicated power must be that indicated by the engine

as a whole.

To compromise these requirements, it has been suggested by

Mr. Diesel to express the power obtained in a two-cycle engine

according to the following definitions:

The total indicated power (of the cylinder) = the full power

represented by the indicator-diagram of the working cylinder.

The net indicated power (of the whole engine) = the indicated

power of the working cylinder less the pump cards.

The brake horse-power = the work delivered to the end of

the engine-shaft, and which can be taken off by means of a brake

and brake-wheel.

The efficiencies would be:

The total mechanical efficiency = the brake horse-power

divided by the total indicated power (of the cylinder)

.

The dynamic efficiency = the net indicated power (of the

whole engine) divided by the total indicated power (of the cylinder).

The compressor-factor = the power represented by the

pump cards divided by the total indicated power.

The engine-friction = i — the dynamic efficiency,

Four-Cycle Engines.—^The Otto Engine.—^The Otto engine

is an old and well-known four-cycle engine operating on the

hit-or-miss principle. The governor is of the fly-ball type, and

it controls the admission or exclusion of the fuel by shifting the

inlet cam-roller on or off the cam, accordingly as the speed of

the engine is below or above the normal.

The inlet- and exhaust-valves are arranged, one on each side

of the combustion-chamber, in separate removable valve-casings,
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and they are both operated by cams from a cam-shaft running

along the side of the engine. This shaft is driven by means of

a pair of spiral gears from the main shaft, at one-half the speed

of the latter, and it carries besides the two valve-cams also, on

Fig. 135.

its extreme rear end, a small crank for operating the make-and-
break ignition.

A fair idea of the general construction of the engine can be
obtained from the illustration. Fig. 135.

The governor is shown in detail in Fig. 136, and the inlet

valve-rocker carrying the cam-roller will be seen at the lower part
of the figure. The position of the cam-roller is controlled by the
governor by means of the bell-crank, in such a manner, that
when the governor-sleeve is down then the bell-crank brings the
cam-roller in a position to meet and engage with the inlet cam.
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and thus effect the lifting of the valve. When, on the contrary,

the sleeve, at excessive speed of the engine, rises to a certain point,

then the cam-roller will be brought by the bell-crank out of the

position for meeting the cam, which, consequently, will cause

the inlet valve to remain closed

during one or more strokes of the

piston.

The Modem Four-Cycle Throt-

tling Engine.—^Figures 137, 138,

and 139 are the Plan View, the

Front Elevation and the Longi-

tudinal Section of a common type

of four-cycle throttling engine,

which has been used with particu-

lar success for producer-gas. The
views represent an engine origi-

nally designed by Mr. Max
Muttzel, late of the firm G.

Luther of Braunschweig,’ Ger-

many, and they afford good illus-

tration for the study of the details

of engines of this type.

Fig. 139 shows the main frame

and the cylinder jacket to be cast

in one piece, and the cylinder bushing to be inserted in the

jacket-casting and held in place by a flange at the rear end; thus

leaving its front end free to expand or contract without throwing

strains on to the main casting. The inlet- and exhaust-valves and

the igniter are located in a cylinder-head casting that contains

the main part of the combustion-chamber, and which is thoroughly

water-cooled all around. The exhaust-valve is readily removable

by removing the inlet valve-bonnet, and it is seated on a removable

steel bushing.

The cam-shaft is driven at one-half the speed of the main

shaft by means of a pair of spiral gears located in an oil-tight

gear-casing, as shown in Figs. 137 and 138, and the governor is

also driven by the same means, similarly located. The mlet

Fig. 136.
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1

valve is actuated by means of the cam C, valve-rocker connection

Nj and valve-rocker R. To relieve the compression, at the time

of starting the engine, the exhaust cam-roller o, can be slid side-

ways off the regular exhaust-cam, Ci, and on to a smaller starting-

cam located at the side of the cam Ci, which gives less than one-

half the regular compression-pressure.

The engine draws its charge of air through the frame, which

helps to keep the engine cool. The air enters through some holes

back of the plate E and is drawn in to the mixing-chamber

through the pipe A, while the gas is drawn through the gas valve

G; and the gases are mixed immediately below the throttle valve

T. The proportioning of the mixture is done by opening or

closing a throttle-valve located in the air-pipe A, by means of

the small hand-wheel M; and the position of this throttle is

indicated by an index running over a scale s. By running this

index slightly up or down the scale when the engine is operating,

and noting the effect the various positions of the throttle will

have on the speed, or on the sound of the engine, the best propor-

tioning can readily be ascertained.

The ignition of the charge is effected in this engine by means

of the magneto ignition illustrated and described at page 332;

the pick-blade lever L attaching to the crank /, Fig. 137.

The cooling w^ater is admitted to the jacket at a lower point,

at Wy and it is drained from two points D and F at the top of the

cylinder; each drain having a separate regulating-valve. The
object with this arrangement is to allow the regulation of the

temperature of the water in the combustion-chamber jacket

independently of that in the cylinder-jacket; still ha\ing both

jackets connected.

The starting of an engine of this type is generally accomplished

bymeans of compressed air, which is supplied through the starting

air valve S, and admitted to the cylinder through a check-valve

located back of the bonnet B. The hand-wheel H is for the

purpose of locking the check-valve to its seat during regular

running. The position of this valve, relatively to the main valves

of the engine, may be seen to better advantage in Fig. 105, page

307, which represents a cross-section through the combustion-
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chamber of an engine practically the same as the one being

described, excepting that the governor throttle valve is, in Fig. 105,

put as close to the inlet-valve as possible. The advantage of this

latter arrangement is that the mixing of the air and the gas is

effected closer to the inlet-valve, and, hence, the volume of the

mixing-chamber is cut down. This feature may be quite de-

sirable when the fuel is of the kind that is apt to cause back-

firing into the mixing-chamber.

Manipulation at the Starting of the Four-Cycle Engine.

—

To prepare for the starting of the engine the main crank must

Fig. 140.—Koerting Four-Cycie Engine.

be put in its position for a firing stroke, and a little above the head-

end centre; the inlet- and exhaust-valves then being both closed.

The hand-wheel M is adjusted for a proper mixture, the exhaust

cam-roller put on the starting cam, and the hand-wheel H turned

so as to relieve the air check-valve. The leads from the magneto

are then connected to the spark-plug, and the ignition retarded

so as to fire late.

To start the engine the gas is turned on and the air-starting

valve S is opened to admit air-pressure to the cylinder, and kept

open until the crank has started to move, then quickly closed.

During the next following forward stroke, the engine will draw

its regular charge, which will be fired at the end of the return
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compression-stroke. The engine-piston, thus, is called upon to

make one exhaust-stroke, one suction-stroke and one compression-

stroke due to the impulse from the air-charge. The air-pressure,

therefore, is required to be quite' high—100 to 150 pounds is

variously used, depending on the compression pressure employed.

An alternate method for starting would, of course, be to give

the engine several impulses by compressed air, to bring it up to

speed before the gas-valve is opened. When the start is made
the exhaust cam-roller is pul over on the regular cam for

normal compression, the ignition is advanced to bring the

engine up to normal speed, the lubricators are attended to, and

the cooling water for the jackets turned on.

The Koerting Four-Cycle Engine.—An engine of very much
the same general construction as the Munzel engine is illustrated

in Fig. 140, and the arrangement of its valves is shown in the

transverse and longitudinal sections through its combustion-

chamber and valve-casings, Figs. 141 and 142.

When engines of this type are connected together to one shaft

as twin engines, with a common fuel supply, or when two engines

draw from a common gas-main, it will be of advantage to apply

in the fuel-supply port of the engine a check-valve that will

prevent one engine from drawing the charge back from the other.

Such a valve is applied in the Koerting engine and it serves also

as a mixing-valve for separating the air and the fuel, until the

charge is drawn in by the engine.

The gas and the air arrive at the mixing-valve through the

pipes marked, respectively, G and Ay in Fig. 141. When the

valve, which covers both the gas and the air ports, is raised, due

to the suction of the engine, the gases will flo'^ as indicated by

the arrows, and mix in the chamber immediately above the valve.

After the suction-stroke is completed, the valve will seat itself

and prevent any bacJc flow of the fuel-mixture. In seating, the

valve is cushioned by the dashpot formed in the -bonnet of the

mixing-valve chamber. This dashpot becomes accessible for

adjustment by removing the protecting hood placed over it. The
governor throttling-valve is, as will be seen, located between the

mixing-valve and the main inlet valve.
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The Olds Engine.—The Olds Gas Power Co. of Lansing,

ilich., build a double-throw-crank engine of the same general

type as the ones just described; and, as far as its main parts are

concerned, also of very much the same construction. Its valve

mechanism is, however, materially different from those of the

IMunzel or Koerting engines, and will warrant a special study.

The valve gear is shown, fully, in detail in the illustrations.

Fig. 143, which is a section through the combustion-chamber

and valve-casings, and Fig. i44i
which is a side elevation of the

head end of the cylinder, looking from the valve-gear side.

Referring to Fig. 1435 h will be seen that the motion for the

admission valve is derived from the cam-roller R, through the

valve-lever connection C and valve-lever L. As in the Deutz

valve gear described previously, this lever is not hinged to a fixed

fulcrum, but the fulcrum, against which the lever is forced in

opening the valve, consists of a movable block S, the position of

which is controlled by the governor. The governor-lever G, it

will be seen, controls the motion of the arm A to which is linked

the block B. Hence, at a slow speed of the engine the fulcrum-

block will be moved outward, away from the valve-end of the

lever, causing a high lift to be ^ven to the admission valve, and

at a high speed the block will be moved inward, causing the lift

of the valve to be reduced.

The admission valve consists of the main inlet valve and of

the gas valve. The latter being a double-ported piston-valve

sleeve, which is secured concentrically on the inlet valve-stem.

The inlet valve and the gas valve -will thus move together as one,

but the gas valve, having a certain amount of lap, will not open

the gas port before the main valve has been open some little time

for the admission of air, only, from the air-passage, and it will

close the gas port before the main valve closes against the admit-

tance of air. The object with this arrangement is to scavenge

the valve-casing from any explosive mixture, which precaution

makes the engine safer against back-firing into the valve-chamber.

Furthermore, the regulation becomes somewhat on the order of

a constant-quantity regulation, which appears desirable for cer-

tain fuels.
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It will readily be seen, if we assume that the admission valve,

at a very light load, is lifted hardly enough to uncover the lap of

the gas valve, that, then, air only would be admitted during the

suction stroke. By opening the valves a little further principally

air, and only a little gas, will be admitted; and so forth. And
at the full lift of the valves a normal charge will result. Showing

that, for decreasing loads and decreasing valve-lifts, the charge

will grow more diluted. Of course, the charge will also become

of less density.

The gas stop-valve F, it will be seen, consists of a cylindrical

sleeve having a port cut through it at one side, by which, by

revolving it, the gas may be throttled more or less, or cut off

entirely. A more permanent proportioning of the air in the

mixture may be made by a butterfly valve which is applied in the

air passage.

The valve gear illustrated, which is for a cylinder somewhat

more than 21 inches in diameter, is equipped with a water-cooled

exhaust valve; the cooling water being supplied at a, and drained

through the small central tube, inside the valve-stem, which

terminates at J.

The illustrations. Fig. 143 and Fig. 144, show the engine to be

fitted with an automatic air-starting device. This feature is

shown at D, Fig. 144, and in detail in Fig. 145.

Instead of operating the air-starting valve by hand, as de-

scribed at page 363, the valve can, of course, be automatically

opened and closed. 'This is done in the present engine by means

of the- small bell-crank and cam-roller shown at £, Fig. 143; the

cam-roUer being actuated by a special starting cam e on the end

of the cam-shaft. After the en^ne has been put in a position

for starting, which is with the crank a few degrees above the

head-end centre and with the inlet- and exhaust-valves closed, the

small cam S on the air-starting handle. Fig. 145, is forced against

the valve-stem, which has for effect to open the valve. At this

time the cam e is underneath the cam-roller r, but at the proper

time for the closing of the air valve the roller will ride off the cam
and allow the valve to close. The air valve may thus be worked

continuously by the air-starting cam for several* turns of the
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Fig. 143.—Olds Valve Gear. Section through Combustion-Chamber.
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Fig. 144.—Olds Valve Gear. Front Elevation.
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engine, until the cam 5 on the starting handle is withdrawn from

contact with the end of the valve-stem, by the shifting of the

handle to a position in’ a right angle to that it occupies in the

figure. With the cam S withdrawn, the starting-valve will be

closed and the roller r hang fire of the starting cam.

The combustion-chamber is, at the bottom, provided with a

small drain and relief valve, which is counterweighted by the

weight W.
By means of the handle iJ, the speed of the engine may be

varied within some few turns. The leverage with which the

spring z acts on the governor-sleeve can, namely, be changed,

within the limits of the slide X,

Multiple-Cylinder Engines.—Open-end cylinders below 21

inches are not generally equipped with water-cooled pistons, as

the atmosphere, due to the motion of the piston, will have

adequate access for cooling it. Neither is, as a rule, the exhaust-

valve of cylinders below that size water-cooled. An engine of a

single 2 1 -inch cylinder, running at normal speed, will on producer-

gas develop, on an average, 125 or if constructed as a

twq-:;cylinder engine twice this pow’^er will be obtained.

- '“For installations below 250 to 300 B.H.P., therefore, the

single-acting four-cycle engine becomes, on account of its sim-

plicity, "a very serviceable type. Two-cylinder engines are by

some builders arranged as twin engines; others prefer the tandem

arrangement, but as far as the regulation or the required weight

of wheel is concerned one type is as favorable as the other. The
space available for an installation may, however, in' a great meas-

ure become a determining factor as to which type will be the

most ‘suitable in a special case.

' As to tw’in engines; any of the four-cycle engine types de-

scribed in the preceding may, when occasion requires, be arranged

as such, simply by coupling together two engines on one shaft

having both cranks in line.

The Jacobson Tandem Engine.—Fig. 146 illiistrafes a type of

tandem engine built bythe Jacobson Machine Co., of Warren, Pa.

The view, which is looking from the valve-gear side of the engine,

shows the valve-gear lay-shaft to be driven by a pair of spiral
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gears from the main engine-shaft, and its speed is, of course,

one-half the speed of the latter. The exhaust-valves are, as the

figure plainly shows, operated by cams, while the inlet-valves are

actuated by means of eccentrics.

vd
-t-

I

The valve gear is shown in detail in the sectional view, Fig.

147, and it will be observed that the regulation is effected by

means of a release gear by which the inlet-valve' is disengaged

and closed at var3dng points of the stroke, to suit the load. To
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some extent the cylinders are scavenged with pure air in order to

prevent, as much as possible, any back-firing due to slow-burning

mixtures.

The operation of the gear is as follows:

The inlet valve / is opened by means of the rocker R when the

pick-blade P on the end of the eccentric rod E, lifts the end of the

rocker-arm, and the valve becomes opened more and more, until

the roller D rides up on the trip-block T, the position of which is

controlled by the governor. It is evident that the further the

trip-block is moved to the right the earlier in the stroke the valve

will trip.

As soon as the main inlet valve opens, air will be admitted to

the cylinder from the air port, for scavenging purposes. The

gas valve G has a sliding fit on the main valve-stem and is held

closed by the spring Z, until the collar C, which is solid on the

valve-spindle, mo^dng down, forces the valve to open against the

spring-pressure back of it. The position in which the valves are

drawn is such, it will be observed, that the main ,valve is opened

to some extent for the admission of air, and the collar C is just

touching the hub of the gas valve to effect its opening, in unison

with the main valve, as the latter is further opened. S is the main

valve-spring, the function of which is to close the main inlet valve,

and to hold it closed against the partial vacuum that will be

created in the cylinder at light loads.

For the cushioning of the valves, in seating, a cushioning-pot

and piston are provided at O. Means are also provided in the gas

and air ports, whereby the proportioning of the air and gas may

be regulated to suit any kind of fuel that may be used.

The Premier Engine.—A well-known English tandem engine

is, in sizes above 150 horse-power, built by the Premier Gas

Engine Co., at Sandiacre, Nottingham, Eng. The arrangement

of its cylinders and general construction is the same as that of the

engine described above, excepting that the Premier engine is

positively scavenged. The main crosshead, working in a bored

guide-cylinder, serves the double purpose of guiding the end

of the piston-rod and, as a piston, for compressing the scavenging

air.



VARIOUS ENGINE-TYPES 373

A test of an engine of this make running on Mond gas is

reported by Mr. Humphrey in the Proceedings of the Institution

of Mechanical Engineers, voL 1901, page 79, and the principal

figures of this test may be found in Table XXXI. The main

sizes of the engine are: the working cylinders 28 inch diameter

X 30 inch stroke, the pump cylinder 43K inch diameter x 30 inch

stroke. The pistons are water-cooled, and to this fact, as well

as to the positive scavenging of the cylinders, may be ascribed the

very high mean effective pressure obtained. The test referred

to reports an average mean effective pressure of 107 pounds.

Figured from the power developed and the displacement volume
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of the pistons, the average mean effective pressure will be 8i

pounds; to which, however, there should be added the pressure

corresponding to the negative work of the pump piston to get the

actual effective pressure in the working cylinders.

An average mean effective pressure as high as 8i pounds is

not generally obtained with 144 B .T . U. gas in the non-scavenging

engine, excepting for short periods of particularly suitable and

steady load.

Vertical Multiple-Cylinder Engines.—^In Figs. 148 and 148a

is illustrated a type of multiple-cylinder gas-engine which is

extensively installed, in units from 30 to 400 horse-power, for

lighting as well as for motive-power purposes. This engine-type

is built of two, three, or four cylinders, hence, with only a few

cylinder sizes, a great variance of power can be obtained; and,

it being of a very compact arrangement, it is particularly suitable

when the space for an installation is limited.

From the illustration. Fig. 148, which is a reproduction of an

engine built*by the Bruce-Macbeth Engine Co., of Cleveland, O.,

in units of 100 horse-power up, a fair idea may be gained of the

general construction of an engine of this type. The gas-supply

elbow, the governor throttling-valve, and the mixture-supply

chamber communicating to the various cylinders are plainly

seen in front of the cylinders, whereas, correspondingly to the

supply chamber, in front, there is, back of the cylinders, an ex-

haust manifold, which leads directly from the exhaust-valves,

through a muffler, to the atmosphere. The inlet- and exhaust-

valves are actuated by means of four cam-rockers, and cams on

the cam-shafts located between each pair of cylinders. The
transmission for motion from the main engine-shaft to the

cam-shafts is plainly seen in Fig. 148^, which is a section through

one cylinder and the crank-casing. The same figure shows also

the governor, which controls the throttling valve by means of

a long lever fulcrumed between the two middle cylinders, as well

as the exhaust manifold referred to above.

At the left side of the crank-chamber, Fig. 148, there is shown

a small generator driven by means of a belt from the fly-wheel

hub, and it supplies the current for the high-tension spark-plugs
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Fig. 148^.—Bruce-Macbeth Four-Cylinder Engine. Section.
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fitted, in duplicate, to each cylinder. One set of spark-plugs may
be furnished with current from another source than that of the

generator shown, so as to make the proper ignition doubly insured.

One feature of the four-cylinder four-cycle engine, which

recommends itself very much for large engines, is that its starting

becomes very convenient. One air starting-valve is furnished

for each combustion-chamber, the operation of which is effected

by cams on the main cam-shaft, and so timed that the air ad-

Fig. 149a.

mission corresponds with periods when both main valves arc

closed. When compressed air is turned on to the starting-valves,

they will remain closed, excepting when the cam-throws are in

such position as to engage with the valve-stems and force the

valves open, each one in turn. The engine is, thus, conveniently

started, from any position, simply by turning on the compressed

air.

The Automobile Engine.—A modern four-cylinder type of au-

tomobile motor of high power is illustrated in Figs. 149a and 1496.

The design is of the Premier Motor MTg Co. of Indianapolis,
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Ind., and it represents the latest improvements in the xALmerican

and European automobile motor construction.

Fig. 149a is an inverted plan view of the engine, with the lower

part of the casing removed, so as to show plainly the arrangement

of the crank-journals and the location of the cam-shafts which

actuate the admission and discharge valves. The cam-shafts

Fig. 149&.

are driven, it will be seen, from the end of the crank-shaft by

means of spur-gears, which are arranged in a general gear-box

at the front end of the engine. In the same gear-box are gears

provided also for driving the circulating pump and the ignition-

magneto. The igniter-spindles are operated from the admission

cam-shaft by means of two pairs of spiral gears, while the

lubricator is driven by m^ans of spiral gears from the discharge

cam-shaft.
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Fig. 149& is a view looking from the admission side of the

engine. It shows the arrangement of the four cylinders with

their admission valve-casings, and the igniter-spindles coming

up from the crank-case; each spindle operating the igniters for

two cylinders. The magneto, of the Bosch type, is secured to the

crank-case, in front of the cylinders, and its armature-spindle is

driven, through a universal coupling, by means of a spur-gear in

the general gear-box.

Figs. 150a and 1506, respectively a combined half longitudinal

section and half front elevation, and a cross-section through one

cylinder and crank-casing, show the detailed construction of the

engines.

The cylinders, of a bore of 4X inches, are cast in pairs, with

the inlet and exhaust valve-chambers arranged on opposite sides

of them. They are water-cooled as far down as the working

space, and both valve-chambers are water-cooled, completely, all

around the valve-seats. The cylinders and pistons, are, of course,

ground true, and the end of the piston is given a very slight taper,

to allow for the expansion of the outside material when heated.

Four eccentric piston spring-rings are used. They are ground

true, and each pair fitted, freely, in each of the two grooves turned

and ground near the end of the piston. Several oil grooves are,

properly, cut in the lower part of the piston to retain and dis-

tribute the lubricant.

The crank-case, of close-grained cast iron, is made as light as

possible, and the crank-case cover, to save weight, is made of

sheet steel, principally. Aluminum cases have been used to some

advantage, as far as the reducing of weight is concerned, but this

metal does hardly seem to possess the necessary strength and

stiffness to give the same rigidity to the framework of the engine

as cast iron, and so far as durability of machined surfaces and

threads are concerned it is considerably the inferior.

The^ crank-shaft is made of suitable drop-forged steel, and it

is journaled in Parsons white-brass bearing shells, which metal,

although it is of considerable stiffness, possesses the necessary

softness for making a suitable journal.

The connecting-rods are made as light as possible by having
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Fig. isdb .—^Automobile Engine. Cross-Section.
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the body of the rod formed in a channel-section; the metal, thus,

well distributed for obtaining the greatest stiffness of the rod.

The valves are of nickel steel, and guided by means of their

stems in long bushings so that they must always seat true. To
effect the Efting of the valves, the push-rods, P, simply butt

against the ends of the valve-stems, and the timing of the lift may,

to some extent, be adjusted, by means of a locked adjusting screw

in the end of the push-rod. Each pair of covers for the valve-

casings are held closed by means of a clamp, K, which is tightened

down on the covers by a heavy bolt. Thus, by unfastening four

bolts the eight valve-covers become free for removal. In the

covers of the admission valve-casings, as housings, there are

arranged the igniter-rods of the low-tension make-and-break

igniters. These covers serve, therefore, also the purpose of

ordinary make-and-break spark-plugs, while high-tension spark-

plugs are screwed into the side of the admission valve-casings.

The two systems of ignition are applied to the engine, so that in

case of failure of one the other can be resorted to.

The carbureter, shown at C, Fig. 150a, is equipped with a

throttle valve, by means of which, in combination with the timing

of the spark, the speed and power of the motor is controlled. The
throttle-lever, T, and the igniter-lever, I, are controlled by means

of throttle- and spark-levers in the steering wheel. The latter

are adjusted over a stationary quadrant in the wheel.

• The cooEng system employed in connection A^ith these engines

is in principle the same as that described at page 328. The hot

water discharge pipe from the top of the cylinders to the radiator

is shown at D.

A fan for impelling an air-current, through the cells of the

radiator, which is placed directly in front of the engine, is shown

in Fig. 150a, and it is driven by means of a belt from the circulat-

ing-pump shaft.

A forced-feed lubricator is located on the exhaust side of the

motor, in close proximity to the exhaust-pipe, which thus keeps

the lubricant, at aE times, at an even and suitable temperature

for efficient lubrication. The lubricator is, as has been explained,

driven by means of a pair of spiral gears from the discharge cam-
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shaft. The oil is fed to the cylinder at a point between the upper
and lower set of spring-rings when the piston is at its lower centre.

The make-and-break igniter mechanism, shown for one pair
of cylinders in Fig. i4gc, consists of two small cams secured to
the end of the igniter spindle; actuating, each, one of the two
igniter cam-levers. The cam-levers are not secured directly to
the movable electrodes, but the latter, which are held closed
independently by springs are actuated through a forked arm.
The cam-levers have ample clearance between the lugs of the

riG. i4()c.

fork to allow the igniter to close positively and to be free of any
vibrations that may be set up in the levers.

A Weston type multiple-disc clutch, W, is employed for

clutching in or releasing the motor from the transmission shaft.

This clutch consists of a housing attached to the fly-wheel of the
motor and of a hub keyed to the transmission shaft. Between
these two there are a series of disks, every second of which is

fastened to the housing and every second to the hub. By means
of a sliding collar, the disks can be squeezed together, tightly,

which, due to the friction between the various disks, will cause
the transmission shaft and the motor-shaft to revolve together.
By varying the pressure with which the disks are pressed together
the latter will slip relatively to each other, more or less, thus
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varying the speed of the transmission shaft. The clutching in of

the motor, by means of this clutch, will always be gradual, and,

thus, any sudden shocks in the shafts and gearing are avoided.

The engine is secured solidly to the frame of the vehicle by

means of brackets seen, in Figs. 149a and b, to extend from the

crank-case, and in front of it is installed the radiator, which forms

the front end of the bonnet enclosing the motor; as seen in Fig.

1 51. The latter figure shows also the various controlling levers,

and those for shifting the clutch-collar and transmission-gears.

The figure illustrates, besides, in a striking manner, the rela-

tively small space occupied by a 45-horse-power motor, together

with its auxiliaries, as installed in a touring car.

Kerosene and Oil Engines.—^The Homsby-Akroyd Oil Engine

—

In the Homsby-Akroyd oil engine, shown in a longitudinal section

in Fig. 152, the air only is admitted to the cylinder during the

suction stroke, and the fuel-oil is by means of the oil-pump,

introduced into the vaporization- and combustion-chamber, V,

at the time the engine piston commences to draw its air. In this

chamber, which is, as seen, separated from the cylinder by a

contracted passage, P, the fuel is vaporized and mixed with the

neutrals remaining from the preceding stroke. When the air-

charge, which in the meantime is being compressed in the cylinder,

finally, toward the end of the compression stroke, is forced into

the vaporization-chamber and mixed with the fuel, the charge

will ignite due to the heat of the vaporization-chamber. The
expansion stroke and the discharge of the burned gases follow

during the next forward- and return-strokes. The engine

operates, thus, according to the Otto four-stroke cycle, and with

self-ignition.

The air-inlet and exhaust valve-chambers are located side by

side back of the cylinder, as \’iewed in Fig. 152, and stand in

communication with the cylinder through the port A. The valves

are operated by means of the valve-rockers, rollers and cams seen

below and in the front of the cylinder, in Fig. 153.

From the latter illustration a fair idea of the general construc-

tion of the engine and of many of its details can be obtained.

The oil-pump is operated from the air-inlet valve-lever; the
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fuel, thus, being forced in to the vaporizer at the time the air valve

is being opened for the admission of air .to the cylinder, and the

amount of oil introduced is controlled by the governor.

Before ,the engine can be started, the vaporization-chamber

must be heated to the required temperature to cause the ignition

of the first charge. For the purpose, there is used a torch which

is applied underneath the vaporizer and inside the hood which

forms the protection for the latter.

The Diesel Oil Engine.—The Diesel engine operates, as has

Fig. 153.—Homsby-Akroyd Oil Engine.

been explained in the preceding, page 24, according to the

Brayton or Diesel cycle. It is built commonly in units of one,

two-, three-, or four-cylinder machines and of powers of from 25

to 400 brake horse-power.

The engine operates on any petroleum fuel, crude or refined,

’whose graifity is not less than 19° Baume. Fuels of 30° Baum^
gravity, with a flash-point of 140° to 240° F., are particularly

suitable.

Fig. 155 is a cross-section through one cylinder and the crank-

case, and it shows plainly the detailed construction of the engine.
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The air-inlet valve, the exhaust valve, and the fuel valve are as

noted in the figure. Each of the above valves is driven by-

separate cams and cam-levers located inside the crank-casing,

and the timing of the valves is according to the diagram Fig, 156.

Fig. 155.—^Transverse Section through Diesel Oil Engine.

The fuel valve consists of a needle-valve which seats against

a steel bushing provided with an admission port of suitable size,

through which the liquid fuel-oil is injected by means of an



39° THE GAS-ENGINE

atomizing jet of air under high pressure. To the fuel-valve

casing there is connected, as showm in the figure, the fuel-injection

pipe and a water pipe for the cooling of the fuel-valve.

If the operation of the engine be followed through one cycle

(consisting of four strokes) , it will be as follows : The cycle begins

with the suction stroke and the piston on the top centre, and

while the piston descends pure air will be admitted to the cylinder,

which on the upward stroke tauII be compressed into the com-

bustion-space to a pressure of approximately 500 pounds. The

adiabatic compression of air to 500 pounds null cause its tem-

perature to rise from, say, 60° F. to 930° (computed according

to formula 33a). Practically, due to absorbed heat, the tem-

perature wiU become close to 1,100° F., ivhich, of course, is high

enough for igniting spontaneously any crude or refined petroleum

that maybe admitted into the air-volume. When the piston arrives

at the top of its compression-stroke the bell-crank B, will open the

fuel valve, and the fuel is injected, becomes ignited, and burns.

The amount of fuel that will be injected is regulated by the

governor which is in immediate control of the fuel pump supplying

the fuel-charge to the injection pipe, and the supply will, accord-

ingly, be proportionate to the load the engine carries.

After the closing of the fuel value, which occurs when the

piston has travelled approximately eight per cent of its downward

working stroke, and the fuel is consumed, expansion of the en-

closed gases will continue, until, at 90 per cent of the stroke, the

exhaust valve opens for release. During the following upward

stroke the gases are discharged from the cylinder.

The air for the injection of the fuel is compressed by means

of an independent air-compressor to about 1,100 pounds, and it is

cooled in a special air tank before it is used.

An installation of a three-cylinder Diesel engine, connected

to an electric generator, is represented in Fig. 154. Toward the

extreme left of the figure the storage tanks for the compressed

injection-air are shown, and the compressor that furnishes the

air to the tanks is seen to be belted from the left-hand pulley of

the engine.

At full speed of the engine the air charge drawn in to the
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j6 to 9, Fuel valve opens

' 8fExhaust closes

tq SST^uel valve closes

cylinder will necessarily be of a pressure somewhat less than the

atmospheric, due to resistances in valves and ports; and the

charge is compressed to approximately 500 pounds. At a slow

speed, in starting the engine, on the other hand, the charge will

be of a pressure of practically that of the atmosphere. It has been

pointed out that, for high

compression, the final press- ’’^er

ure of the charge will be con- ^
9® Fuel vaive opens

siderably higher when the

compression begins at the at-

mosphere than it will when ^

the compression begins only a

trifle below the atmosphere,

and, in the case of the Diesel

engine, the increase in the

final pressure at slow speed is i r

so considerable that a relief

valve must be employed to 156—Valve-<^m Setting tor Diesel

^ Oil Engine.
release it. This valve, com-

monly set to lift at a pressure of 800 pounds, is shown in the

sectional view of the engine, Fig. 155.

The Diesel type of engine has, lately, been successfully used

for marine purposes. The safety of its fuel and many features

about the engine make it seem particularly suitable for such

Air Admission closes 8 ^'Exhaust opens

Fig. 156.—^Valve-Cam Setting for Diesel
Oil Engine.

The Double-Acting Four-Cycle Engine.—In this country, with

respect to large power-requirements, the double-acting four-cycle

engine has lately become the standard engine.

The distribution of the power during the cycle is not in the

double-acting single-cylinder engine as favorable as in the tandem

or twin single-acting, and it is therefore rarely built as a single

unit. Its power-capacity, for the space occupied, is, however,

much greater, and on this account the application of the single-

acting engine wilJ in the future undoubtedly be limited to power-

requirements of approximately 300 to 400 horse-power; and

above that power the field for the double-acting tandem, or twin-

tandem, will begin.
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Fig. 157 is a sectional \iew

of a single-cylinder double-acting

engine^ which shows the general

arrangement of its main details.

One set of valves is provided for

each end of the cylinder, and, the

latter not being generally made
less than 20 to 22 inches in

diameter, the exhaust valves

must be water-cooled. For a

similar reason the piston also

should be cooled, and this is

effected by leading the cooling-

water through a hollow piston-

rod, as explained at page 296.

To relieve the cylinder from

undue wear liable to be caused

by the dead load of the piston,

the weight of the latter is carried

by the main and the rear cross-

heads.

The cylinder -heads

are thoroughly cooled

and provided with suit-

able metallic rod-pack-

ings, which often are, as

in the Schwabe packing,

separately cooled.

The piston is secured

to the rod solidly, not

for removal, and when it be-

comes necessary to remove the

piston from the cylinder it is, in

the single-cylinder engine, best

done by removing the rear cylin-

der-head and sliding the piston

and rod together out through the
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rear end of the cylinder. To facilitate this,

ample space must be provided at the rear

end of the engine* The front piston of a

double-acting tandem engine must be re-

moved through the front end of the cylin-

der, and this is accomplished by removing

the main crosshead and front head, and,

with the crank and connecting-rod in such a

position as not to interfere with the piston-

rod, the piston may be slid through to the

front.

A double-acting tandem engine, direct-

connected to a generator is represented in a

plan view and in elevation, in Figs. 159 and

160, It is essentially the same engine as

the single-cylinder engine. Fig. 157, with

the addition of the rear cylinder and an

intermediate crosshead and guide. The

piston-rods are coupled together at the in-

termediate crosshead, and the rods and

pistons are removed, one through the •

front and one through the rear end of

the front and rear cylinders.

The cooling-water for the pistons
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is sometimes admitted at the

intermediate crosshead, for

both pistons; one stream going

to the front, to be drained

from the main crosshead,

while the other goes to the

rear, to be drained from the

rear crosshead. Sometimes

the cooling-water is admitted

at the main crosshead, flowing

through one after the other of

the cylinders and drained

from the rear crosshead. The
latter arrangement will cause

the water going through the

rear piston to be somewhat

hotter than that going through

the front one; and this, it is

claimed, will be of disadvan-

tage. The temperature-differ-

ence between the gases and the

water is, however, so consid-

erable that the matter of some

degrees higher or lower tem-

perature of the cooling-water

will be of minor importance.

Whenever there are sul-

phurous vapors present in the

gas, the water should be run

through the rods hot, so as to

prevent any water-vapor from

condensing in the rod pack-

ing-boxes. Any moisture will,

namely, have for effect to ab-

sorb the acids fornied by the

sulphur in the gas, and cause

corrosion of the metallic parts.
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The Allis-Chalmers Engine.—Lately, large double-acting

tandem engines have frequently been installed to work on natural

gas, producer gas, or blast-furnace gas. Fig. 158 is a general

view^of a double-acting twin-tandem four-cycle engine built by

the Alhs-Chalmers Co. of Milwaukee, Wis.

A cross-section through the cylinder and valve-casings of the

Allis-Chalmers engine is shown in Fig. 161, from which the

construction of the valve-actuating mechanism may readily be

understood.

The valves, it will be seen, are driven from a lay-shaft by

means of eccentrics and rolling levers; the latter having for object

to effect a quick opening and closing of the valve-ports, though

the initial lifting and the seating of the valve is performed only

very gradually.

Referring to the set of rolling levers R and F, which actuate

the exhaust valve and which are fulcrumed at r and/, it will be

seen that when the eccentric E begins to pull the lever-pin /
upward, tending to open the valve, the leverage by which the

valve is actuated upon is large, at first, and hence the motion of

the valve, in starting, slow. As the lever-pin p is pulled higher,

however, the total leverage decreases gradually, and hence, the

speed with which the valve is lifted grows quicker the higher the

valve is raised.- At the closing of the valve the reversed motion

will, of course, obtain. The valve, thus, starting to close quickly,

will seat only very gradually. When seated, the valve is

held closed by a sufficiently heavy spring and the motion of the

rolling levers becomes free and independent of the valve.

The exhaust valve is placed at the bottom side of the cylinder,

which is often considered the most suitable arrangement, as it

will allow the combustion-chamber to free itself most readily

from oil, or impurities that may come with the gas. As generally

required in engines above 20 inches, the exhaust valve is water-

cooled and its construction is practically identical to that of the

water-cooled valve illustrated and described at page 296. The

cooling water is supplied by means of a flexible hose connected at

W and the discharge water is carried off by the same means from

the opposite side of the valve-stem.
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The gas-valve, G, is double-ported and surrounds the main

valve-stem. It is actuated from the small crosshead X with

which it is connected by means of two tie-rods T. The gas and

air are supplied separately through the manifold D to the gas-

and air-chambers above and below the gas-valve. The timing

of the main inlet valve and gas-valve is such that the main valve

opens more or less in advance of the gas-valve at the beginning

of the suction-stroke. Thus, at first, air only is admitted to the

mixing-chamber and cylinder, and consequently any tendency

to back-fire, on account of any lingering flame, or sparks, in the

cylinder when the inlet valve opens, will be minimized. After

the gas-valve has become opened the mixing of the fuel and air

will take place in the mixing-chamber M; the gas which is

supplied through the gas valve-ports meeting currents t^air

entering through numerous holes in the walls of the mixing-

chamber, in a manner very favorable for effecting an intimate

mixture between the two gases. The supply of a suitable fuel-

mixture to the cylinder will continue until the gas-valve closes,

always a little ahead of the closing of the main inlet valve. The

object in delaying the closing of the air-supply being to scavenge

the mixing-chamber by pure air from any explosive mixture.

The operation of the valve gear for the inlet valve will be as

follows:

The main inlet valve is actuated by means of the inlet eccentric

I and the rolling levers L and S, and the motion of the gas-valve

will be the same as that of the small crosshead X with which it is

connected. On the crosshead X there is pivoted the rolling lever

B by means of the pin 6, while the fulcum lever C, on which the

former rolls, is forked around the crosshead guide, and pivoted

on the valve-boimet. The lever-pin q from which the gas-valve

is operated and the lever-pin I from which the main valve is

operated are connected by means of the link K, and, hence, the

two levers will be moved in unison by the inlet eccentric.

The fulcrum lever, S, for the mmn valve being solidly hinged

on the valve-bonnet, at s, the motion of the inlet valve will be

tmiformly the same for every cycle. The position of the free end

c of the fulcrum-lever for the gas-valve is, however, under control
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of the governor, in such a manner that a small eccentric O on the

governor-shaft will raise or lower the end of the fulcrum-lever

according to the position of the governor. The timing of the

opening of the gas-valve, and the lift of the valve, will thus depend

on the position of the governor, and will be varied according to

the load on the engine. When the governor rises the position

of the fulcrum-lever C will drop, the opening of the gas-valye will

occur later, and its lift will be decreased; and when the governor

rises the opposite in each respect will be the occurrence.

The eccentric O may be discoimected from the governor-shaft,

and swung, by hand, to its lowest position, which will in effect

prevent the gas-valve from opening at all. This manipulation

becomes of use whenever it may be desired to cut out any one of

the combustion-chambers. The rocking motion of the governor-

shaft is controlled by means of the connection H, whose upper

end attaches to the governor-lever.

As is usual with respect to large engines a double set of igniters

is provided, located at U and V. The practice of duplicating

the means for igniting the charge has become general, on account

of the liability of one set failing, often from a very slight cause.

At N is shown a valve-spindle which closes the indicator-

opening. By removing this valve-spindle from the outside end

of the indicator bushing a thread vnll be exposed for the attach-

ment of a standard indicator-cock.

At Z is shown a valve for the proportioning of the air and the

fuel in the charge. The adjustment is made from the operating

side of the engine by turning the hand-wheel Y. It may become

necessary to re-adjust the setting of this valve occasionally during

a rtm, as few fuel-gases in general use are so constant as not to

vary quite materially,- in heating-value and composition, from

time to time.

A check-valve for admitting compressed air for the starting

of the engine is pro-vided at A. The valve is seated on the inside

end of the valve-chamber, and is held closed by a spring acting

on the prolonged valve-stem which rims through the chamber.

At the outside of the valve-chamber, close to the cylinder, means

for the attachment of the compressed-air piping is provided.
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The Nuernberg Engine*— well-known German engine of

the same general design as the one just described is the Nuernberg

double-acting engine, the latter being, in fact, the original

design from which the Allis-Chalmers engine has been developed.

A test of the Nuernberg engine on blast-furnace gas is recorded in

Table XXXI, pages 410 and 41 1.

The Westinghouse Engine.—^The general construction of the

Westinghouse double-acting engine is clearly shown by the half-

tone reproduction of a twin-tandem engine, Fig. 162. One of

the features of this engine which differs from the Allis-Chalmers-

Nuernberg practice is that the outer cylinder-jacket wall is not

made continuous from end to end of the cylinder, but is cut

circumferentially by the jacket core at the middle of the cylinder,

the object being to provide means for the free expansion and

contraction of the jacket wall, so as to avoid strains due to the

unequal heating of the inner cylinder barrel and the outer wall.

The opening in the outer wall is closed by a cast-iron belt which is

clamped tightly around the cylinder so as to form the water-jacket.

The governing of the engine is effected by means of a com-

bination throttling and cut-off regulation; the charge of an

approximately constant-quality mixture being throttled by the

governor to suit the load, and cut off by the closing of the mixing

valve.

Referring to Fig. 163, which represents a cross-section through

the cylinder and valve casings, it will be seen^ that the inlet and

the exhaust valves are both operated by the same eccentric.

The exhaust valve, as is necessary in large engines, is water-cooled;

the cooling-water being supplied, and the discharge-water carried

off, by flexible hose-connections. The motion of the exhaust

valve is transmitted from the eccentric through a pair of rolling

levers, F and i2, which give the valve, in lifting it, a rapidly increas-

ing speed, yet starting it from its seat and seating it only very

gradually.

The pressure on the valve, when being opened, is approxi-

mately 30 to 40 pounds per square inch and, hence, it becomes
quite necessary that the first cracking of the valve-opening is

performed as gently as possible, to avoid severe strains and jar
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in the valve mechanism. After the valve has become opened,

however, there is only the spring-tension to resist its motion and

it becomes then desirable to increase the speed with which it is

raised, so as to avoid as much as possible the wire-drawing of the

discharge.

The admission and mixing valves are actuated by means of

the connection N and the rolling levers L and K. The mixing-

valve M consists, as is seen in the figure, of a cylindrical sleeve

mounted on the main admission-valve stem, in such a manner that

it follows the motion of the latter up and down, but it is free to

rotate about the valve-stem under the influence of the governor.

In this sleeve there are provided, for the admission of the gas and

air, two sets of rectangular port-openings o and p which register,

when the main valve is fully open and the governor is down, with

corresponding ports in the sleeve casing. Between the port-

openings of the same set in the sleeve there are bridges somewhat

wider than the openings, and if the governor is raised to its highest

position the valve-sleeve will be rotated to such a position that

when the Tnain valve becomes opened the bridges between the

ports in the sleeve will cover the ports in the valve casing and

exclude entirely any charge from the cylinder. Between these

positions of the mixing-valve, that for the admission of a full

charge of air and gas and that for not admitting any charge at all,

the governor will have control to rotate it to a position to suit the

requirements of the load.

The main admission valve is in the figure shown in its closed

position, and it will be noticed that the air-port is covered by a

lap somewhat less than that of the gas-port. This wiU have for

effect, that, when the main valve is closing, the gas will be cut off

a little earlier than the air, and hence the mixing chamber will,

after each suction-stroke, become scavenged by the last incoming

air.

The governing of the Westinghouse multiple-cylinder engine

of this type, which must be accomplished by revolving four or

more mixing-valve sleeves to a position to suit the momentary

load, with certainty, is effected indirectly by means of hydraulic

power. This becomes necessary, as the valve-sleeves are liable
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Fig. 163.—^Westinghouse Valve Gear.
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to Stick, due to collected impurities. The governor proper is

of the Hartung t3^e and controls the valve of a small hydraulic

cylinder from which the power for adjusting the mixing-valve

sleeves is obtained.

The indirect method of governing is described, in detail, at

page 314. For an engine of large power the complication in-

volved by this method of governing is of minor importance.

Air-Starting Arrangement.—^The starting, with compressed

air, of a gas-engine having one combustion-chamber for each

stroke of the complete cycle is a very simple matter, as in this case

the engine may be started from any position it may have, except-

ing, of course, from the dead centres. The air-starting arrange-

ment for all multiple-cylinder double-acting engines is in principle

the same as that shown in coimection with the Westinghouse

valve gear. Fig. 163. It consists of a small spring-closing air

valve for each combustion-chamber of the engine. This valve

is located in the valve-chamber S, and its valve-stem, T, is pro-

longed so as to reach close to the small cam, D, on the valve-gear

shaft, by which it is actuated for opening the valve. The valve-

stem is, of course, guided near the cam, at V. The timing of

the opening and closing of each of the small starting valves is

such that air will be admitted to the combustion-chambers during

the period of the regular expansion-stroke, when the main ad-

mission valve as well as the exhaust valve atfe closed.

C is a check-valve for admitting to the engine the compressed

air for starting. The valve is seated on the inside end of the

check-valve chamber, while the outside end of the chamber is

connected with an air pipe leading to the starting valve S, which

is supplied through the opening A.

As soon as air is turned on to the starting valves, each one of

the combustion-chambers of the engine will in turn, receive air

pressure, and the en^ne as a whole will work as a compressed-air

en^e, imtil the gas-supply valves are opened and the fuel-charge

is fired regularly. The compressed air is generally not admitted

to the cylinder before the crank has well passed the centre; hence,

should the regular fuel-charge explode,, usually, in starting, at the

time the crank passes the centre, then the check-valve will remain
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closed against the compressed-air admission, due to the explosion-

pressure in the cylinder.

The “Snow” Engine.—-Fig. 164 illustrates a 22 X 36, 500

horse-power, double-acting tandem four-cycle engine running on

illuminating gas, 130 revolutions per minute. It is installed at

the People’s Gas-Light and Coke Co., Chicago, 111 ., and is built by

the Snow Steam Pump Co. of Buffalo, N. Y. This engine, it will

appear, differs from those of the same type just described in that

the valve-chambers are here placed on the side of the cylinder

instead of at the top and bottom; an arrangement which has the

advantage of leaving the engine foundation continuous from end

to end, without any breaks for the accommodation of the exhaust

valves.

In Figs. 165 and 166 is illustrated a standard “Snow” valve

gear; however, of somewhat different construction from that of

the engine shown in Fig. 164. Fig. 165 is a cross-section through

the valve-casing and Fig. 166 is a cross-section through the

cylinder.

The valve gear is of a release gear type. The inlet and exhaust

valves are arranged, the former above the latter, in a valve-

chamber, V, which is placed at the front side of the cylinder.

With respect to the exhaust valve there is no new feature of

particular note. It is of a mushroom water-cooled type, and the

discharge-water from the valves is carried by a discharge-hose to

a jacket for the cooling of the exhaust pipe. A cam-shaft,^,

running along the front of the engine, drives the valves.

Referring to Fig. 165, the main inlet valve, I, and the cut-off

or mixing valve, M, are arranged side by side in the same valve-

casing. The main valve is actuated directly by the valve-rocker,

R, which is forked around the spring-seat so as to exert a normal

force, by pressing on two diametrically opposite points, a a, of

the lower flange of the spring-seat, when opening the valve. The

closing of the valve is effected by a heavy spring, S. The upper

end of the main valve-stem is connected, by means of a ball-and-

socket connection, to one end of the mixing-valve rocker, U,
the

other forked end of which hinges to the crosshead X. The rocker,

being fulcrumed by means of a pair of links L, transmits, thus,
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to the crosshead a reciprocating motion in unison with that of the

main valve. The crosshead X is guided in a bored guide in the

upper part of the valve-bonnet, JS, and it carries the hook arrange-

ment by which the mixing-valve is lifted or released.

The detailed arrangement of the release gear is shown in Fig.

166. On the crosshead, X, there is hinged the hook H, in such a

manner that the catch-block N will engage with the block, O, on

the head of the valve-stem, when the inlet valve is closed. The
spring Z exerts tension enough on' the hook to cause the blocks

N and O to engage, with certainty. When the crosshead is

lifted, therefore, the mixing-valve will be lifted with it, until, at

the proper point of the stroke determined by the governor, it

becomes disengaged. The unhooking is accomplished by the

pull-back link, P, in connection with a small cam, C, on the

governor shaft, G, The reciprocal action between these two

members is readily understood from the figure. The end of the

pull-back link will, of course, oscillate with the crosshead and the

hook, H, to which latter it is hinged; and, from the position- in

which it is shown in the figure, it can swing only a small angle

concentrically with the governor-shaft. If given a greater angular

swing the cam-rider, P, will ride up on the cam, and carry the

link eccentrically in a direction away from the valve-stem head.

Therefore, when the crosshead X is lifted the valve will follow

its motion, until the pull-back link assumes such an angle that

the cam-rider is brought far enough up on the cam to cause the

hook to be pulled away from the catch-block, O, on the valve-

stem head. When the governor rises the cam is carried in the

direction of the arrow, causing the hook to be pulled out at an

earlier point of the stroke; finally so early as never to lift the

valve at all. When the hook is pulled, the valve drops to its

seat, due to tlie combined action of gravity and the tension of

the spring, Q, but, in seating, it will be cushioned by the cushion-

piston, F.

While the mixing-valve is open the air and gas pass from the

upper and lower valve-chambers and mix in the intermediate

mixing-chamber, jD, and from there the mixture passes through

the inlet port to the cylinder. At E, Fig. 165, is a hand-wheel for
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Fig, 165.—The ‘‘Snow” Standard Valve Gear. Longitudinal Section.
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Fig. 166.—The “ Snow” Standard Valve Gear. Cross-section through Cylinder.



TABLE
Reports on 6as-

Name of
Installation.

Name of
Experi- Locality. Vear.
menter.

Illuminating Gas—-English Engines.

National Robinson Ashton 1898 10 18

Tangye Witz Lille 1902 10 19
Crossley Atkinson Openshaw 189411.5 21.0
Crossley Clerk Openshaw 1804 7 iS-o
Stockport Bellamy Reddish 1895 9.4 H7.0

Illuminating Gas—French and German Engines.

I

IG.M.Pabrl I

|

Deutz, Otto Meyer Deutz 1898 15 22,8

Evreux tqoi 13.7 18.9 213
1904 10 15.7 210

Millar &
Gladden Pittsburg 1899 25

Koerting Meyer Hanover 1899 6.1

Witz &
Niel Moreau Evreux 1901 13.'

Gyldner Schroeter 1904 10

Natural Gas.

Millar &
Westinghouse Gladden Pittsburg 1899 25

Westinghouse Robertson Lafayette 1900 13
Hastings

Snow Pump W. & Parker Halsey 1901 25

Coke-Oven Gas.

Borsig-
Occhelhaeuser I M

Producer Gas.

Mond Gas
I

14

48

Rev.
per
min.

Aver-
age

M.E.P.
Lbs.
per

sq. in.

170 87
193.6 70
173 08
200 . 96
1S4 90

199 73
221 78

2T3 71
210.7 106

147 61

26s 60

ZX0.6 75

I. H.P. B.H.P

28.6 24.5
46. S 39 -Q
14 12

II. 7 10.4

53 -S 46

677 606

113 92

736 595

Koerting Gen.
Koerting Eng.
Dawson Gen,
Grossley Eng.

Westinghouse Eng.
Loomis- Pettibone

Humphrey Winnington 1900 28.1 30 128 8t 489 368

Meyer Hanover 1900 21.6 37.7. lOX 68 481 341

Meyer * Zurich 1895 16.9 24 165 S8 64
1

Alden
& Bibbins Worcester 1907 23.5 33 ISO > 5S 600 Isoo

Blast-Furnace Gas.

Cockerill
Deutsche Kraft

Hubert Seraing
Differ-

1900 SI 55 • 93 S6 886 72s

A. Gesellschaft Meyer dingen 1898 17 27.5 160 63 79.

S

67.6

Nuernberg i Riedler Rombach 1904 33 5 43.4
1

105.6 70 1427 ii86

Oil Engines.

Bank! I Ta 1901 9.8 IS .

7

1903

X908

1903 115.75 23.65

Alcohol Engines.

Deutz
(

Meyer I .

Marienfelde

Banki

26.38 .....

. 203 164 80.7

392 297 7^.2

88 69.6 79.x

1903 8.35x1.8 [276,9 x6.8

1903 9-9S IS . 7S 197.6 19.77

Schimanek Buda Pest 1903 225
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1

Engine Performances.

Heating
Value
of Gas

Fuel Used
Per Hour.

Heating
Value Used
Per Minute.

Thermal
Eppiciency
B.T.U. En-

gine
Cycle.

JyP?*
Single

Reference.
B. T. U.
per c. f.

or Lbs.

per
I.H.P.
c. f.

per
B.H.P.

c. f.

i.6®p.
B.T.U.

per
B.H.P
B.T.U.

per
T.H.P.

per
B.H.P.

or
Double
Acting.

630 14.0 16 . r 148 170 ->8.8 25.0 4 5 Rep. Pr. Robinson.
609.7 14.3 17 147-3 172.7 28.8 24 5 4 5 Aim6 Witz.
640
680 \t:i

16.5
17

'
ISS
168

176
193

28
25.6

24
22

4
4

1

S
5

Eng'g. Nov. 30, 1894.
P.I.C.E. Vol. 124.

642 19.0 22 .3 203 238 21.

2

18 4 1

5 P. 1 . C. E. Vol. 124.

SS 7 .S 13-7 1S.4 127.3 143 33*3 29.6
i

4 S Z.V.D. T. Vol 43.

496. s 16.0 18.0 132.4 149 32.0 28.4 4 S Z. V. D. 1. Vol 43.

636.6 13.3 is.s Z4 r 164.5 30.3 26 4 S Aimd Witz.

;

42.7

28.6

[
Z. D. V. 1 . Vol. 48.

H. H. V.
1000 8.9 zo 148.3 166.6 25.5 4 Sibley Journal, 1900.

H. H. V. 3Cyl Bryan Donkin and
,970^ ZO.62 Z3.69 Z71 .6 22 Z . 2 24.7 19 - 3

' 4 5 Trans. A. S. M. E.1900
H. H. V. 4Cyl
II 7 S : 7 .37 9.13 144.3 178.8 29.4 1 23.7 4 5 Sibley Journal, 1901.

Per T, Total
ZZ 2 37.9

r CylPerN net.
Z.V.D.I. Vol 49*380 17.8 25 128 157 33 ' 27*5 2

j

D

144 Sa
1

69
1

Z 2S 166 33.7 25.6 4
2 Cyl
S. T. Proc. I. M. E. 1901,

X 29 S 7-9 8t.s T2S 176 34 24.x 2 D Gas L. Jour. 1900.

144 T . 62 * r .36
lbs.

24 21.

5

4 S Z.V.D.I. Vol 39.
lbs.

2 Cyl
106 79 95 Z4O 168

i

30*1: 25.2 4 D Trans. A. S. M.E.1907,

97 83 zoz 134 X63 31 -S 26.0 4 D Bui dela Soc. Ind. Min.
Vol 14.

Ios 79 93 139 164 30 25 4 S Z.V.D.I. Vol 43.

88 8S Z02 I2S ISO 33.9 28.2 4
2 Cyl
DT., Gross-Gas-

Masebinen, Riedler.

Benzine
18300
per lbs.

0.48
lbs.

Z48 28.5 4 s The Engineer, 1903,

Crude oil

Proc. I. M, E,19300 S -33 0.41 107 131 40 32.3
per lbs.

Kerosene
lbs. lbs.

4 Cyl 5
Z.V.D.I. Vc^sa.18130

per lb.

Kerosene

0.302
• lbs.

9X .2 130 45.8 32.? 4 Cr. 180®

t86 io 1

Z.V.D.I. Vol 47.

Z.V.D..I. Vol 47.,

per lb.

9900
per lb.

40 ' 31 - 9 -

31.6

4 s

4 S

9900
per lb.

0.786
lbs.

33.7 4 S Z.V.D.I. Vol. 47.,;

9700
per lb.

0.87
lbs.

30.2 4 s Z.V.D.I.
/ ijii 'iifSIti
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the adjustment of the throttle-valve, T, in the gas-port, by which

the proportioning of the gas and air is effected.

Operating as described, this regulation effects a constant-

quality mixture, but, if desirable, in order to obtain a more con-

stant compresaon, the mixture may be diluted at light loads, by

arranging, *in the gas-supply pipe, a butterfly valve that will be

controlled by the governor.

The Cockerill Engine.—Another well-known double-acting,

four-cycle engine of the same general type as the ones described

in the previous is the Cockerill engine, built by the Cockerill Co.

of Seraing, Belgium. Similarly to the Nuernberg engine, and to

German engines in general, the Cockerill construction employs

a main centre-crank, which allows the shaft, as well as the main

engine frame, to be built lighter than would be required for an

overhung crank. The construction involves, however, difficulties

in the maintaining of the shaft-journals in proper alignment, that

must be taken into consideration when judging the relative

advantages between the American and European practice in this

respect.

In Table XXXI are recorded some performances of gas-

en^nes of various types and on different fuels. The highest

efficiencies recorded for each group are, approximately, the

best that has been obtained for the particular fuel, whereas

the low figures, in the majority of cases, represent efficiencies

that may be expected under ordinary good conditions, and at

full load.

The average M.E.P. has been computed from the power

generated and the total volume, per minute, of the pressure

strokes. Generally, the tests recorded have been made under

approximately full-load conditions; therefore, the M.E.P. is, in

most cases, the maximum. In some cases, however, the M.E.P.

is very low, showing that the average load has been below the

mayirrmm
,
or a poor mixture has been used.

The alcohol engines recorded in the table are all of high

efficiency, due to a very high compression of the charge, that

has been made possible by injecting water in to the cylinder

ivith the fuel-charge.
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The compression ratios employed for the three alcohol engines

recorded are:

The Deutz engine i to 8
.
9.

The Marienfelde engine i to 10.26.

The Banki engine i to 10.

' Denatured alcohol was used in all three tests; in the two first

the hydration was 91.2 per cent alcohol, by volume, and in the

third it was 87 per cent alcohol, by volume.



CHAPTER XV

PRODUCER-GAS AND GAS-PRODUCERS

Introductory.—^Producer-gas was used, as early as 1857, by

Siemens as fuel in his steel-furnaces, and in connection with his

regenerative furnace it was found to be a most convenient and

economical means for obtaining the high temperatures which he

required in his steel-making process.

Although economical as fuel, the Siemens gas is not efficient

for use in the gas-engine. For the reason that, when used as

fuel, not only the potential heating-value of the gas, but also its

sensible heat, becomes available heating-value; whereas, as the

gas can be used in the gas-engine only after ha\ing been cooled,

a great percentage of its total heating-value is thrown away in

the cooling-process.

The year 1881 can be counted the beginning of the era of

producer-gas power. Mr. Dawson exhibited that year his first

successful power-gas producer, in connection with a small Otto

gas-engine, and the success of the exhibit was such that producer-

gas became, soon afterward, to be considered a most efficient

competitor with steam as a means for generating power from
available fuels.

Since then, improvements have been made in the gas-producer

as well as in the gas-engine, until, to-day, producer-gas is ex-

tensively used with success, in many instances on a large scale in

preference to steam.

The principal difference between the way in which Siemens

generated his fuel-gas and the way in which power-gas is obtained

is, that in the modern gas-producer steam is introduced into the

furnace, for the purpose of cooling the fuel-bed to some extent, and
thus prevent an excessive loss of heat in sensible heat of the gases,

that will be wasted in the subsequent cooling-process.

The Gas-Producer.—^The simple suction gas-producer, shown
414
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in Fig. 167, as well as, in a general way, the pressure producer,

may be described as an air-tight steel-plate cylinder containing

at the bottom an ash-pit, a grate for supporting the fuel, some-

times a shaking-grate, and, above, a substantial firebrick-lined

furnace. Above the furnace there is a fuel-hopper, and a charg-

ing bell seals the opening through which fuel is charged into

the producer. There are also poke-openings provided on top of

the producer-furnace, through which poke-bars may be inserted

for the purpose of poking down or breaking up the fuel-bed,

which may be held up or made solid by the caking or clinkering

of the fuel. At a suitable height above the grate, there is a gas-

outlet taken for conveying the generated gases from the producer

in to the necessary cooling and cleaning apparatus.

When in normal operation, there is on the grate of the furnace

a thin bed of ashes and, above, a deep incandescent fuel-bed on

top of which a layer of fuel that has not as yet attained high

incandescence should preferably be in evidence.

The only access for air for maintaining combustion in the

producer is generally through the ash-pit, and the draft through

the fuel-bed must be regulated to that necessary for generating

the required amount of gas of a proper quality. The draft is

maintained either by the suction of the gas-engine piston, by a

pressure-blower, or by an exhauster of some kind.

The Process.—^The result of this arrangement of blowing air

in to, or drawing a current of air through, a deep bed of incandes-

cent fuel will be as follows:

Near the grate-level there is formed, through ordinary com-

bustion, carbon dioxide; a gas often referred to as C 02-gas, and

which, as its name implies, is composed in such a manner that

each molecule, or element of the gas, consists of one atom of

carbon and two atoms of oxygen.

. On being drawn through a deep, porous bed of highly heated

carbon, this gas absorbs readily more carbon, so that new mole-

cules, consisting each of one atom of carbon and one atom of

oxygen, are formed. This new gas, carbon monoxide or C 0-gas,

which is always the result of incomplete combustion of carbon,

is the main constituent of producer-gas.
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By incomplete combustion of one pound of carbon there is

formed 2}^ pounds of carbon monoxide gas, and the heat gener-

ated is about 4,380 heat units. The carbon monoxide gas formed

from each pound of carbon, at the primary combustion in the

producer, requires for its combustion the same amount of

oxygen as the original pound of carbon consumed at its gas-

ification to CO, or i}i pound, and the heat generated by the

combustion is about 10,200 heat units. It will, thus, be seen

that the main combustible of producer-gas contains a poten-

tial heating-value of about two-thirds of the heating-value of

the fuel, if the latter, as has been assumed, consists of pure

carbon only.

The carbon monoxide is, however, not all the heating-value

obtained in the gas at the primary gasification, because the hydro-

carbons which most fuels contain, and which are distilled off into

the gas, enriches it, and, further, the sensible heat of the gas adds

materially to its total heating-value.

At the primary combustion there is liberated, as stated, about

4,380 heat units for each pound of carbon gasified to C C-gas.

This heat will, of course, tend to heat up the fuel-bed and the

producer, until the radiation from the apparatus, together with

the sensible heat that is carried off by the gases, will just balance

the heat liberated.

The Siemens producer for fuel-gas was operated according to

the preceding outline, and it generated a gas low in potential

heating-value but of high temperature. That is, the gas carried

off, when leaving the producer, a considerable amount of heat as

sensible heat.

In the modern producer the object is to generate combustible

gas of as high heating-value as possible, when cold, but any

sensible heat is not required for the process, excepting to the

amount necessary for maintaining the temperature of the furnace

at such degree that the formation of C 0-gas takes place readily.

For the formation of combustible gas the producer must be sup-

plied with the amoimt of air, only, that is required for the gasifi-

cation of carbon to carbon monoxide gas. But only part of the

heat generated during this gasification, necessarily only about
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1,900* heat-units, will be carried away by the gases, or dissipated

through radiation, when the temperature of the furnace is such

as is normally required for efficient gasification. There will,

therefore, be a surplus of heat, about 2,500 heat-units per pound

of coal consumed, that must be abstracted from the fuel-bed, in

order not to overheat the same as the process of gasification pro-

ceeds. This surplus heat can be utilized in a most efficient and

desirable manner, simply by the introduction of steam in to the

furnace.

Steam, being subject to decomposition into its constituent

elements, oxygen and hydrogen, when in contact with incandes-

cent carbon of sufficiently high temperature, is a most useful

agent in a gas-producer. It serves, primarily, three good pur-

poses; in that it absorbs the surplus heat from the furnace at its

decomposition, in that it enriches the gas with its hydrogen, and

in that it furnishes oxygen for the gasification of carbon.

The oxygen which is furnished to the gas-generator by the

introduction of air carries with it nitrogen in the proportion of

3.33 pounds of nitrogen for each pound of oxygen, and this

nitrogen, which dilutes the gas, will be of no value as far as the

heating-value of the gas is concerned. It is, therefore, evident

that the more oxygen that can be obtained for the combustion of

carbon by decomposition of steam the richer in heating-value the

generated gas will be.

There are, however, only about 2,500 heat-units available for

the decomposition of steam and for the formation of hydrogen,

and, as 327 heat-units are required for the formation of each

cubic foot of hydrogen, there is a limit of 8 cubic feet of hydrogen

that can be obtained per pound of carbon by utilizing the

surplus heat only for its formation. •

As from each pound of carbon there will be generated 2%
pounds, or 32 cubic feet of carbon monoxide, the volume of

hydrogen will, therefore, be about one-fourth of that of the carbon

monoxide, when all the fuel is burned to this gas.

*This figure is approximate only; its value having been estimated with refer-

ence to the average conditions obtaining at an eflSicient gas-making process as

carried out at present. See page 423.

27
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Generally we find, however, producer-gas in which the volume

of hydrogen is more than one-fourth of that of the carbon mon-

oxide, and this may be taken as e\’idence that some of the fuel has

been subjected to complete combustion to carbon dioxide-gas.

When the volume of the carbon dioxide in producer-gas is not

over five per cent, then there has been no perceptible loss incurred

by having burned the carbon completely to carbcn dioxide,

because the additional heat generated thereby has been utilized

in forming a corresponding additional percentage of hydrogen,

which enriches the gas.

What we call producer-gas consists, as will appear from what

has been stated, principally of five separate elementary products,

each of a very distinct nature.

These are:

Carbon monoxide, which is obtained at the primary gasifica-

tion of carbon;

Hydrogen, which has been formed by reclaiming the heat

liberated at the primary gasification by decomposition of steam;

Hydrocarbons, which have been distilled off from the fuel;

Nitrogen, obtained from the air consumed, and

Carbon dioxide gas formed at the complete combustion of

some of the fuel.

Of these elementary products, the three first are combustible

gases, and they compose somewhat more ‘than 40 per cent of the

total volume of the producer-gas.

Nitrogen and carbon dioxide are inert gases and compose

nearly 60 per cent of the total volume of the generated gas.

Producer-gas has in some rare cases been found to contain,

when hot, as much as 93 per cent of the heating-value of the fuel

from which it has been formed, but, when cooled and ready for

use in the gas-engine, it carries rarely more than 85 per cent of

the heating-value of the fuel.

The sensible heat of the gas when it leaves the producer is,

in part, generally utilized for heating the fresh fuel charge, for

pre-heating the air and for vaporizing the steam that is supplied

to the gas generator.

Heat-Transfer of a Theoretical Gas-Making Process.—The
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waste of fuel in the ashes, and the waste of heat through radiation

are the only direct losses of heating-value in the gasification of fuel.

In the process itself there is no loss or gain, only a transfer of

heating-value, from the carbon, in to the gases generated. Theor-

etically, the gasification may be made, with equal economy,

either into carbon monoxide and hydrogen or into carbon dioxide

and hydrogen, and that this is so will readily be seen by the

following representations of the heat-transfers that must be due

to the reactions taking place in the two cases.

It is assumed, in the first case, that 12 pounds of carbon are

gasified by the oxygen derived through dissociation of 18 pounds

of water into 2 pounds of hydrogen and 28 pounds of C 0-gas.

The total potential heating-value of 12 pounds of carbon is

12 X 14,600 = 175,200 B.T.U., of which;

there are evolved, at the combustion of 12 pounds of carbon to

CO-gas, 12 X 4,380 = 52,560 B.T.U.;

the balance, 122,640 B.T.U., is transferred to the CO-gas.

The dissociation of 18 pounds of water requires 18 X 6900 ==

124,200 B.T.U., and of this amount 52,560 B.T.U. become

available at the combustion of the carbon, the rest, 71,640 B.T.U.,

must be supplied from outside source. The total amount,

124,200 B.T.U., absorbed at the dissociation of the water will

be found as potential heating-value in the hydrogen formed.

The figures above are based on the high calorific value of

hydrogen, and include therefore the heat required for the vapor-

ization of the water into steam.

When carbon is gasified into C O-gas and hydrogen the

following theoretical heat-transfer will take place:

12 lbs. 18 lbs. 2 lbs.

C f H2O « H2 +
B.T.U. B.T.U. B.T.tf.

Potential Absorb at

value 175,200 dissociation;

Evolved at From outside

comb, toCO 52,560 source

Transferred From comb. Potential

to CO"gas 122,640 of C 52,560

Transferred

to H2 .... 124,200

value. 124,200

28 lbs.

CO
B.T.U.

Potential

value. 122,640
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Hence (=0.42) of 18 pounds of water is disso-
124,200

ciated by heat evolved at the combustion of 12 pounds of carbon

to C 0-gas, and 58 per cent must be decomposed by outside

heat-supply, or the heat evolved from each pound of carbon

will dissociate 0.63 pound of water.

It is evident, therefore, that, at a theoretical gasification, 42

per cent of the carbon will be gasified by oxygen liberated from

water due to the heat evolved from the carbon itself, and 58 per

cent must be gasified by oxygen derived from the atmosphere.

If, secondly, the carbon is gasified to C Oj-gas by oxygen

derived from water, then 12 pounds of carbon will require the

dissociation of 36 pounds of water to form 4 pounds of hydrogen

and 44 pounds of C Oj-gas.

In the gasification of carbon into carbon dioxide and hydrogen,

the theoretical heat-transfer will be as follows:

12 lbs. 36 lbs. 4 lbs. 44 lbs.

C + 2HjO = 2Hs + COj
B.T.U. B.T.U. B.T.U

Potential Absorb at

value .... 175,200 dissociation:

Evolved at From outside

comb, to CO3 175,200 source 73,200

Transferred From comb.

toCOg-gas., 0 of C 175,200

Transferred Potential

to Ho 248,400 value. 248,400

B.T.U.

Potential

value, o

I ^ ^ 200
Hence (=0.70) of 36 pounds of water is disso-

240,4^
ciated by heat evolved at the combustion of carbon to C 02-gas

and 30 per cent must be decomposed by outside heat-supply; or

by the heat evolved from each poimd of carbon there will be

dissociated 2 . i pound of water.

Thus, 70 per cent of the carbon will be gasified by oxygen

liberated from water due to the heat evolved from the carbon

itself, and 30 per cent must be gasified by oxygen derived from

the atmosphere.

Composition of Gas Resulting from Gasification without Heat
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1

Loss.—A theoretical gasification of one pound of C to IZ", C O and

N will result in the following composition:

Pounds.
Per Cent.
Weight- Cubic Feet.

Per Cent.
Volume.

CO 2-333 0.47 31.64 0.40

H 0.07 0.015 13-30 0.17

N 2-57 0-515 34-85 0*43

4-97 I. 00 79-79 1 .00

Heating-value per cubic foot 184 B.T.U.
The theoretical composition of a gas resulting from the

gasification of one pound of C to C 0 .

2, H and N will be the

following:

Pounds.
Per Cent.
Weight. Cubic Feet,

Per Cent.
Volume.

CO^ 3-67 0.56 31.64 00C-ld
H 0.234 0.036 44.27 0.40

N 2.66 0.404 36.07 0.32

6.56 I .000 111.98 1. 00

Heating-value per cubic foot 130 B.T.U.
An examination of the weights of the elementary gases obtained

in each case will show, that the heating-value of the total resulting

composition is in both cases the same; the heating-value of 2
. 333

pound of C O being the same as that of o. 164 pound of H,
The weight of the resulting gases is, however, in the latter case

considerably more than in the former.

During the practical process of generating producer-gas there

is always some loss, due to heat-radiation and due to cooling of

the gas, and the greater the weight of the final product is the

greater will be the heat-loss incurred. It is evident, therefore,

that the process of generating i? and C Oj-gas will involve a

greater loss than the process of generating H and C 0-gas.

In the following tables are given the composition and heating-

value of producer-gas generated from carbon, ’with varying

p^centages of the fuel burned to C O^-gas. The assumption

has been made that in producing C O-gas an efficiency of 85 per
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cent is obtained, and that in producing C 02-gas and H the

efficiency will be 70 per cent.

Composition of Producer-Gas Containing Varying Percent-

ages of C Oj.—Increasing percentages of the fuel are assumed to

have been burned to C with correspondingly diminished

efficiency.

Per Cent C
Gasified to

Products Derived prom i lb. C, !

IN Pounds.
Total

Weight of
Products

from I Ib.C,
in lbs.

Heating
Value per
pound
of Gas.

C 0. CO2. CO. H. N. COs.

100 0 2.333 0-035 3-5 0 5-868 2120

95 5 2.216 0 .042 3-SS 0.183 5-991 2053

90 10 2.099 0.048 3-6 0.367 6.114 1990

8s 15 1.982 0.055 3-65 0*55 6.237 1935

80 20 1.86s 0 061 3-7 0-733 6-359 18S2

75 25 1.748 0.068 3 ‘75 0.917 6.483 1830

Per Cent C
Gasified to

Products.
Percentage Volume. Volume of

Products
from I Ib.C,
in cub. ft.

Heating
Value per
cub. ft.

B.T.U.
CO, COa. CO. H. N. C Og.

100 0 37-0 7-7 55-3 0 85-7
.

^45

95 5 43*3 9.0 54.9 1.

8

87.7 140

90 10 31-8 10.2 54-5 3-5 •
89.6 136

85 15 29.4 II -3 54.1 S-2 91-5 132

80
1

20 27 .

1

12 .4 53.7 6.8 i 93-4 128

75 25 24,9 13-4 53-4 fO
00 95-3

t

X25

Quantity of Steam to be Supplied.—Eighty-five per cent is on

an average the best return in heating-value obtained in a cold gas

generated from an anthracite fuel of, say, 14,000 B.T.U. The

heat-loss per pound of fuel is, thus, 2,100 B.T.U.

The principal wastes are: (i) in the sensible heat earned

off by the gases; (2) in loss of fuel in the ashes, and (3) in heat

dissipated through radiation.

An approximation of the amount of the first item is readily

obtained, as it is known that, normally, 5K pounds of gases are
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produced per pound of carbon, and that they leave the producer,

normally, at about 850® F. Their specific heat is, on an average,

0.25. The air and vapor being supplied at a temperature of, at

least, 150 degrees, the range of temperature through which the

gases are heated in the furnace is about 700 degrees.

The heat-loss, therefore, due to item (i), is 962 B.T.U. per

pound of fuel. The waste of fuel should not exceed i% per cent,

or 210 heat-units per pound of fuel. The total loss due to items

(i) and (2), thus, 1,172 B.T.U. If this heat-loss be subtracted

from the total loss 2,100 B.T.U. there remains 928 B.T.U^,

which is the loss due to radiation. Hence, it may be said that

approximately 1,900 B.T.U. are wasted in the cooling of the

gases and through radiation. The approximate value of this

item of heat-loss is of interest, as it has bearing on the quantity of

steam that should, normally, be supplied to the furnace.

Deducting 1,900 B.T.U. from the heat evolved at the gasifi-

cation of the fuel to CO, 4,380 B,.T.U., the remaining 2,480

B.T.U. becomes available for decomposition of steam.

It l!?as been found, however, that for the reduction of all the

carbon dioxide formed in the lower part of the furnace it is

necessary that the temperature of the fuel-bed be very high, and

the current through it slow, A high furnace temperature will,

on the other hand, result in increased loss due to the higher

tempera,ture at which the gases are carried off and in increased

radiation losses. Besides, difficulties will result from clinkering

of the refuse in the fuel.

Practice has shown that an average temperature of the fuel-

bed of 1,800 to 2,000 F^*. will give best results, but, at such

low furnace temperature, there will remain in the gas an appreci-

able amount of C Oa-gas, unreduced.

In an average, favorable case seven per cent of the carbon

will be burned to C Og-gas and hence an additional heating-value

of 715 B.T.U. per pound of fuel will be available for .decom-

position of steam. The total available heating-value, thus,

3,195 B.T.U.

* Compare: Producer Gas,” by J. Emerson Dawson, pp. 6 and 45.
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The weight of the steam to be supplied is, therefore,

( = 0.463) pounds, per pound of fuel. At the decomposition

of this steam there is formed - X 0.463 (= 0.412) poimd oxy-

9

gen, which will effect a gasification of - (= 0.31) pound
* 00

of carbon.

Accordingly, there will be required normally not more than

o
. 46 pound of steam per pound of carbon, and the oxygen derived

at its decomposition will gasify, on an average, 0.31 pound of

carbon.

The specific heat of steam being high, a material loss will be

incurred by supplying an excess amount of steam, above what

can be decomposed by the fuel. The excess will only, in passing

through the fuel-bed, absorb heat as superheat, which will be

wasted at the subsequent cooling of the gases. Besides, it will

cool the lower part of the fire below the required temperature for

efScient reduction of the C Og-gas, and after the fire has been

driven to the top of the fuel-bed due to excessive steam-supply,

there will generally be experienced some little difficulty to get the

fuel-bed in condition again for producing a proper gas.

Exhaust-Gas from the Engine used in the Producer Instead of

Steam.—^Instead of using steam as a means for reclaiming the

heat generated at the primary combustion in the producer, the

exhaust gases from the gas-engine have been successfully em-

ployed for the purpose. The process consists in the reduction of

the C Og-gas, returned to the producer from the engine-exhaust,

into C 0-gas. The gas generated by this method, consisting

principally of C 0-gas and nitrogen, will stand a high compres-

sion, but, being very lean in heating-value, it will require some-

what larger cylinder capacity than ordinary producer-gas. On
this account, it is doubtful if the increased cost of the installation

does not outweigh the gain due to any increased efficiency that

may be derived through the employment of a high compression.

The saving due to the utilization of the sensible heat of the

exhaust gases cannot be material, particularly as it is seldom
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convenient to locate the engine close enough to the producer to

fully take advantage of this item; moreover, the gasification

process requires the return to the furnace of only a part of the

total volume of the exhaust, and in it is included a considerable

amount of nitrogen that becomes reheated in the furnace, and

generally leaves the producer at a higher temperature than that

at which the exhaust gases are admitted.

It can readily be ascertained that, theoretically, the gas gener-

ated by the method of by-passing the exhaust from the engine

in to the furnace can never be richer in heating-value than gas

obtained through gasification wdth air only, according to Siemens

process. The heat of the primary gasification can be reclaimed,

but the heating-value, per cubic foot of gas, will not be enriched

thereby. A demonstration, as the following, will show this.

For each cubic foot of C O-gas generated by the combustion

of carbon, figured at 62® F., there will be evolved 140 B.T.U.

Assuming all this heat to be. utilized for the decomposition of

CO2 of the exhaust, then, as there is required 324 B.T.U. for

the decomposition of one cubic foot of C into one cubic foot of

C O and cubic foot of O, there will be obtained

(i c.f.CO 4- H c-f- 0) =0.43 c.f, CO -f- 0.215
324

Each cubic foot of C O-gas fortned by combustion of C with

air will carry i'.88 cubic foot of nitrogen, whereas each cubic foot

of C O reduced from C Oj-gas will carry twice this amount, or

3 .
76 cubic feet. This is evident because the C O2 in the exhaust

has consumed twice as much air as that required for the com-

bustion of carboh to C O-gas. The process that will take place

at the gas-production will be the following.

At the production of i cubic foot of C O-gas from carbon

there will be generated:

0.57 c./. of CO by air, carrying 0.57 X 1.88 N = 1.07 N.

0.43 c.f. of CO by O, carrying no N.

0.43 c./. of CO reduced from CO 2, carrying

0.43 X 2 X 1^88 N ^ 1,62 N.

1
, 43 c. /. of C O in total, carrying 2.69 N.
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Hence, each cubic foot of C O will carry i . 88 cubic foot of N

,

or, in other words, the heating-value per cubic foot of the products

will be at par with that of air-gas.

The above computation may appear complicated, but it can

be simplified if the following facts are recognized:

That I cubic foot C 0-gas obtained by the gasification of C with

air carries i . 88 cubic foot N.

That I cubic foot COj-gas of the exhaust will carry at least

2 X 1.88 cubic foot N;
That X cubic foot O will give with C i cubic foot C O.

Assuming, then, that, through combustion of carbon with air

and with O, there has been evolved, in the furnace, heat enough

for the decomposition of just one cubic foot of C O^, thus,

I cubic foot of C Oi becomes decomposed to

I cubic foot of C O, carrying 2 x i.88 iV,

and X cubic foot of O, giidng wdth C
I cubic foot of CO, carrying no N.

Hence, the advantage gained in obtaining free oxygen through

dissociation of COj-gas, is exactly balanced by the increased

amount of nitrogen which the C Oj-gas carries in to the

furnace.

It will be evident that for reclaiming all the heat of the primary

combustion there will be required = )
one-third of the total

volume of the exhaust from the engine.

Ninety cubic feet of Siemens air-gas generated from one pound

of carbon contains 10,200 B.T.U., or the gas is of 113 B.T.U.

per cubic foot.

There is added in ordinary producer-gas, theoretically, 8

cubic feet of hydrogen of a heating-value of, in all, 2,500 B .T.U.,

making the gas of a heating-value of 130 B.T.U. per cubic foot,

or 15 per cent richer than air-gas. Practically, due to partial

combustion of the fuel to C O^, by which an additional volume
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of hydrogen is formed, the ordinary producer-gas becomes richer

still.

On the other hand, when the difficulty of regulating the

volume of the exhaust returned to the furnace to the correct

proportions is considered, it may be expected that, practically,

the gas produced when the engine exhaust is returned to the

generator would become even of a comparatively poorer

quality than the theoretical computation tends to show. But

the fact is that the gas, actually, will he enriched by an ap-

preciable amount of hydrogen derived from the moisture in

the fuel and in the air charged to the furnace, as well as

from the moisture in the air charged to the engine, which will

appear in the exhaust gases.

The best efficiency so far reported to have been obtained by

this gas is about at par with that obtained by ordinary producer-

gas.*

The Composition and Heating-Value of Producer-Gas.

—

Theoretical Analysis of Anthracite Gas.—^The normal composition

of producer-gas may be determined, approximately, from the

analysis of the fuel from which it is made.

With respect to the hydrocarbon contents, the composition

of anthracite gas will be approximated by assuming that all the

hydrocarbons are distilled off from the fuel, and that they will be

found in the gas in the form of marsh-gas.

Assume the analysis of an anthracite coal to be;

Fixed carbon 84 per cent

Volatile hydrocarbons 4 per cent

Ash and moisture 12 per cent

It is safe to assume that 25 per cent of the fixed carbon will

be gasified to C 0-gas by oxygen derived from steam, 65 per cent

gasified to C 0-gas by oxygen derived from the atmosphere, and

that 10 per cent is burned to C Oj-gas.

* Compare the efBcienqr reported by Mr. G. M. S. Tait, page 795, Transact.

Am. Soc. Mech. Eng., Vol. XXX, with producer-gas reports, Tabk 2CXXI.
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(

1

Pounds of
Gas.

Per Cent.
Weight.

Cub. Feet
Gas at
62° F.

Per Cent.
Volume.

Hence
y
oj loo pounds of fuel:

21 lbs. C gasified to C O by steam
require 28 lbs. O, giving C O

54.6 lbs. C gasified to CO with air

require 72 . 8 lbs. 0
,
giving C O

Total CO

49.0

127.4

176.4 33-22 2392.0 31-04
8.4 lbs. C burned to C O2 require

22
. 4 lbs. 0, giving C O2 30.8 S-So 265.8 3-45

4. lbs. hydrocarbons distilled give

CH4 4.0 °-75 94.9 1.23

88 lbs. combustible.

28 lbs. 0 dissociated from steam lib-

erate H 3 S 0.66 665.0 8.63

95 lbs. 0 derived from the atmos-
phere carry N 316.3 S9 -S 7 4289 .

0

55-65

S3 I -0 100 7706.7 100

The heat-energy in the gas will be

ini76.4lbs. CO at 4,380 B.T.U. per pound 772,632 B.T.U.
in 4 lbs. C jff4 at 21,900 B.T.U. per pound 87,600 B.T.U.

in3.s lbs. i? at 62,100 B.T.U. per pound 217,350 B.T.U.

Total 1,077,582 B.T.U.

Heat-energy per pound gas 2,030 B.T.U.
Heat-energy per cubic foot at 62° F. 140 B .T.U.

Heat-energy in the gas from one pound of coal 10,775 B.T.U.
Heat-energy in one pound of coal I3>i40 B.T.U.
The efficiency of conversion into gas 0.83

The following may be considered as an average composition

of anthracite suction gas:

CO
Per Cent, Weight.

27.6

Per Cent, Volume.

26.0

H 9'7 9.0

CH^ 1.2 2.0

N 60.5 57-0

CO, 10.

0

6.0

100.0 100.0
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Heating-value per cub. ft. at 62° F., and i atmosphere 134 B.T.U.

Volume per pound of gas at 62° F., and i atmosphere 14.5 cub. ft.

Theoretical Analysis of Bituminous Gas.—With regard to

bituminous coals containing a high percentage of volatile hydro-

carbons of various compositions, there exists an uncertainty as

to what amount of the latter will become oxidized during the

combustion, to be formed into fixed gases. Further, the gas

generated from bituminous fuels is, due to condensible hydro-

carbons, of a materially different composition before being cooled

from what it will be after the cooling and cleaning process; there

remaining vaporized in the hot gas the heavy hydrocarbons

which condense at cooling.

The composition and heating-value of bituminous gas, when
cold, does not in practice generally agree very well with any

theoretical estimate based on the analysis of the fuel from which

it has been produced. The percentage of hydrocarbons distilled

over, and present in the gas, is a too important item that cannot

be predicted, excepting, only approximately, by reference to

some known analysis of a gas generated under conditions similar

to those of the case at hand; and, further, the amount of hydro-

carbons that becomes decomposed in the producer, into hydrogen

and C O-gas, will depend very much on the temperature at which

the gasification is made.

The reactions by which the hydro-carbons are broken up are

principally the following:

CH4 + H2O ^CO + 6H
CH,-^CO^ ^ CO + 4H

+ 2H^0 = 2CO + SH
C2 H

^

+ 2 C* O2 = 4 C* ^ "h 4

In the case of fuel-gas used hot from the generator, the heating-

value, including the sensible heat of the gas, approximates often

90 per cent of the heating-value of the fuel, and the potential

heating-value due to the hydrocarbons can in such a gas also be

assumed to be 90 per cent of that of the hydrocarbons in the

fuel. The heating-value of the hydrocarbons in bituminous coal
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being generally from 17,000 to 20,000 B.T.U. per pound, we

obtain, thus, in the hot gas, from 15,300 to 18,000 B.T.U. per

pound of hydrocarbons in the coal used.

At the cooling and cleaning of the gas there disappears on an

average from 50 to 70 per cent of the hydrocarbons, in the form

of tar, and the loss in heating-value in the tar, with coals varying

'in volatile hydrocarbons from 20 to 40 per cent, will be from 10

to 24 per cent of the heating-value of the coal.

As a standard with which to compare the results actually

obtained in practice, the ideal composition of the gas, estimated

on a theoretical basis, becomes often of interest.

Assume the analysis of a sample of bituminous coal to be:

Fixed carbon 52 per cent

Volatile hydrocarbons 36 per cent

Moisture and ash 12 per cent

In a favorable case 25 per cent of the fixed carbon will be

gasified into C 0-gas by oxygen derived from steam, 65 per cent

to O O by oxygen derived from the atmosphere and 10 per cent

burned to C O^-gas.

Pounds of
Gas.

Per Cent
Weight.

Cubic
Feet of
Gas.

Per Cent,
Volume.

Accordingly oj loo pounds of fuel:

13 lbs. C gasified to C 0 with steam
require 17.33 lbs. 0

,
giving C

O

33.8 lbs. C gasified to CO with air

require 45 . o5 lbs. O, giving C O
Total CO

30-33

78.86

109.19 30.1 1,480.6 26.6

5 . 2 lbs. C burned to C O2 require

13.87 lbs. 0, giving COa.. . .

.

19.07 5-2 164.6 3-0
36.0 lbs. hydrocarbons distilled, giv-

ing C2 H4, C H4 and H 36.00 10.

0

854.2 15-3
88.0 lbs. combustible.

17.33 0 dissociated from steam
liberate H 1 2.17 0.6 412.3 7-4

58.93 lbs. 0 derived from the atmos-
phere carry N 196. 24 2,661.0 47.7

362.67 100.0 5 .S 72-7 100.0

The potential heating-value in the hot gas:
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1

In 109. 19 lbs. CO, at 4380 B.T.U. per pound 478,252

In 36.00 lbs. C2 H‘4, C H4 and H, obtained from

hydrocarbons, at 18,000 B.T.U. per pound . . . 648,000

In 2.17 lbs. H at 62,100 B.T.U. per pound 134,757

1,261,009

Heat energy in the gas from one pound of coal . . 12,610 B.T.U.
Heat energy in one pound of coal, hydrocarbons

being figured at 20,000 B.T.U 14,800 B.T.U.

Efficiency of the conversion into gas, accordingly, 85.3 per cent.

Heating-value per cubic foot of gas, at 62° F.,. . . .233 B.T.U.

If the average temperature at which the gases leave the

producer be 1,000^ F., and their specific heat 0.25, the sensible

heat in 3.63 pounds of gas becomes 907 heat-units, which added

to the potential heating-value of the gas brings the efficiency of

the gasification into hot fuel-gas to 91 per cent.

In the cooling- and washing-process the gas would probably

lose about 50 per cent of the hydrocarbons. The heat energy in

the cold and cleaned gas becomes in that case:

In 109.19 lbs. C O at 4,380 B.T.U. per pound 478,252

In .18.00 lbs. C2 i?4, C i?4 and H obtained from

hydrocarbons, at 18,000 B.T.U. per pound 324,000

In 2.17 lbs. H at 62,100 B.T.U. per pound i34»757

937,009

The efficiency of conversion into clean gas, thus, 63 per cent.

Heating-value per cubic foot of gas, at 62° F. = 168 B .T.U.

A theoretical analysis of bituminous gas, like tho above, does

not always agree very closely with practice, and it may be mis-

leading if the true percentage of the fuel-value obtained from the

hydrocarbons is not known from actual gas-analyses.

Hydrocarbon Loss in Tar.—^The loss in heating-value in tlw

tar can be determined through an analysis'^ch as the following:

From an Indiana coal containing:

Fixed carbon 52 per cent

Volatile hydrocarbons 31 per cent
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there was obtained a gas as per the volumetric analysis in the

first two columns of the table below.

The resulting elementary constituents are as per the last five

columns of the table:

Constit-
uents.

Per Cent.
Volume,

Molecu-
lar

Weight.

Ratio of
Weights.

Per Cent.
Weight.

Elements.

N. c. 0 . H. CH4.

N 51 28 1428 569 56-9

CO
TT

21.5 28 602 24.0
T 0

10.3 13-7 1 .2

Jn. 15 2 3®

CO2 9 44 396 15.8 . .4.3 II -5 2.1

CH4 3-5 16 56 2.1

2512 100.0 5 <5-9 14.6 25.2 1 .2 2.1

The volatile hydrocarbons may, without great error, be

assumed to be of the average composition of methane, C
Per 100 povmd of gas;

Oxygen obtained from the atmosphere is ““ “ ^7 pounds.

Oxygen obtained from steam is 25. 2 — 17 =8.2 pounds.

Steam used = |X8.2 =9.22 pounds.

Hydrogen liberated from steam = j^^X8.2 =1.02 pounds.

Hydrogen derived from the hydrocarbons =
1.2 — 1.02 =0.18 pounds.

Hydrocarbons decomposed to form hydrogen

and carbon = 4 X o.x8 =0.72 pounds.

Carbon liberated from the hydrocarbons =

3 X 0.18 =0.54 pounds.

Carbon derived from fixed carbon in the fuel =
14.6 - 0.54 =14.06 pound.s.

From 1 00 pounds of fuel, containing 52 pounds of fixed C,

there is obtained = 37° pounds of gas.

2K . 12
The density of the gas is — X 0.0053 — 0.0666 at 62® F.

and I atmosphere.

Hence, 57 cubic feet of gas is obtained per pound of fuel.
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In loo pounds of gas there is accounted for 2 . i -f- o
.
72 ( = 2.82)

pound C if 4, thus, per pound of fuel there is accounted for

2.82 X 3.70 = 10.43 pound C J74, and there is lost 31 —

io.43.(== 20.47) pound of hydrocarbons in tar.

Hence the tar is 66 per cent of the hydrocarbon values.

Production of Water-Gas.—^It is possible, in any gas-producer,

to generate, intermittently, gas of a considerably higher heating-

value than that which a continuous process will give. The gas

production is manipulated as follows: The fuel-bed is blown up
with pure air to a high temperature, while the lean gases generated

during the blowing-up process are wasted to the atmosphere. If

then, when the fire becomes of a sufficiently high temperature,

steam, or, better, superheated steam, is blown through the fuel-bed

it will be possible, for a short time, to gasify the steam and carbon

without any air, resulting in a gas composed of practically only

hydrogen and carbon monoxide. As soon as the fire becomes too

cool for decomposing the steam the gasmaking process is dis-

continued, and the fire blown up again.-

By proceeding in this manner, wasting the gases generated

during the blowing-up process and collecting the gases formed

at the decomposition of steam, the resulting product will be of a

heating-value approaching that of the carbon monoxide or

hydrogen, or approximately 324 B.T.U. per cubic foot. This

gas is commonly referred to as vrater-gas. The sensible heat of

the product generated during the blowing-uj) process, consisting

mainly of carbon dioxide and nitrogen, does not actually need

to be wasted, as it may be utilized in regenerators for pre-

heating the air and super-heating the steam used for the

process.

The composition of water-gas is, as may be seen from the

reaction-formula, page 82, of the proportion of one pound of

hydrogen in 14 pounds of carbon monoxide, or equal volumes of

hydrogen and carbon monoxide.

When being used as illuminating gas, this gas is enriched by

addition of hydrocarbons and illuminants, until a heating-value

of about 550 to 600 B.T.U. is obtained. The gas is also used

for industrial and power purposes. Illuminating gas obtained

.28
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in this manner is commonly referred to as carbureted water-gas

or manufactured illuminating gas.

The original Siemens producer-gas, which is obtained without

the use of steam in the producer, is occasionally designated by

the name air-gas, and common producer-gas, being of a quality

intermediate between air-gas and water-gas, is sometimes referred

to as semi-water gas.

Gas-Producers.—Gas-producers are commonly classed with

reference to the nature of the fuel with which they are intended

to deal; as anthracite producers, bituminous producers, and

lignite and peat producers.

The anthracite producers, which have to deal only with

practically tarless and non-caking fuels, such as anthracite coal,

coke, or charcoal, are generally arranged as suction producers.

That is, the suction of the gas-engine piston, in connection with

which the producer operates, is the only means whereby the draft

through the generator is induced. This arrangement insures a

very simple, compact, and easily handled installation.

The operation of the bituminous producers has, due to the

nature of the fuel, more difficulties connected with it than the

simple anthracite producer offers. These difl&culties are mainly

due to the caking of the fuel in the generator, which prevents the

free flow of the gas-current through the fuel-bed, and also due

to the formation of large quantities of tar in the process of cooling

the gas.

The caking of the fuel is generally coimteracted, as much as

possible, by frequent poking operations, which have for object to

keep the fuel-bed in a suflSciently porous state to allow the gases

to pass, and escape freely.

To rid the gas of tar and dust there are employed a variety of

static and mechanical cleaners, of which latter the centrifugal

tar-extractor, illustrated in Fig. 174, page 451, has been found

to be a simple and effective apparatus for cleaning any kind of

bituminous gas and make it suitable for the gas-engine.

Anthracite Producers.—^Minneapolis Suction Gas-Producer.

—

In Fig. 167 is shown a sectional view of a complete installation of

an anthracite suction gas-producer of the type built by the
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Minneapolis Steel and Machinery Co. The producer is fitted

out with a pan-vaporizer, W, for generating the required quantity

of steam. This vaporizer is built of steel as a ring-shaped pan,

and it is placed on top of the furnace in such a manner as not to

interfere with the jjoking of the fire through poke-openings, P,

Fig. 167.—Suction Gas-Producer.

in line with the inside wall of the producer; it being important to

be able effectively to remove, by poking, any cinders that tend to

gather and build on to the walls. The gases escape around the

outside of the waterleg of the pan to the gas-delivery pipe, P,

which is carried down through an economizer, C, for pre-heating

the air to be charged to the ash-pit. The sensible heat of the
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escaping gases, is thus, well utilized, for generating vapor and

for pre-heating the air.

A fuel-magazine, M, holding an ample supply of fuel, extends

down through the centre of the water-pan, some distance, so as

to bring the fuel-level to a proper height above the grate. The

radiating heat from the top of the fuel-bed is taken up, partly

by the fresh fuel-charge in the fuel-magazine, and partly by the

inside surface of the water-pan. The heat-loss, due to radiation

from the producer, becomes by this arrangement a minimum,

and the producer top is kept cool.

A three-way valve, V, serves to regulate the proportion of air

and steam furnished to the producer. The pre-heated air enters

the valve at A and the steam at S, and by suitably adjusting the

valve the proper proportion of air and steam will be delivered to

the pipe, B, leading to the ash-pit. The cold air enters the

economizer at C, and is carried down along one side of the gas

discharge-pipe and up along its opposite side to the air admission.

At into the regulating valve.

£ is a change-valve, which, when the fire is being blown up,

is lowered so as to discharge the poor gases to the atmosphere,

and when raised it discharges into the coke-scrubber, through the

water-seal at F.

The coke-scrubber consists, as seen, simply of a steel-plate

cylinder partially filled with coke, through which the gases pass

slowly upward while water is delivered from a spray-nozzle

above. Due to the large contact surface between the wet coke

and the gases the latter will, in passing through the scrubber,

become effectively cooled and cleaned from dust and tar.

From the coke-scrubber the gas is often carried directly to a

small gas-tank, and from there to the engine. The object of

the gas-tank is, partly, to separate and collect in it the water that

may be carried along with the gas, but mainly to obviate in the

producer, to some extent, the pulsations due to the periodical

suction of the gas-engine piston.

Sometimes, there is placed in the gas-piping between the coke-

scrubber and the engine a so-called dry scrubber, which apparatus

is shown in the installation. Fig. 175. It consists of a steel-vessel
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with a removable top, in which trays filled with shavings, or

excelsior, are placed, through which the gas is filtered.

The trays of the purifier are, properly, made of wooden grat-

ings, and the filtering material placed on them is often richly

charged with iron turnings, which help to neutralize the acids

formed by the oxidization of sulphurous fumes in the gases

generated from fuels containing sulphur. The sulphur-com-

pounds, S and C S2 in the gas are in themselves harmless to

iron pipes and engine-parts, and act corroding first after oxidiza-

tion to sulphuric acid. The conditions in the dry scrubber, the

temperature, humidity, and presence of organic matter, are,

ho’wever, very favorable for the oxidization of the sulphurous

vapors, and it is in the apparatus itself the acids are formed for

its own destruction. A heavy coating of iron oxide will help

materially to preserve the metallic parts of the apparatus.

In order to effectively neutralize the acids, the trays in the

dry scrubber are sometimes charged with a filtering material

consisting of wood shavings, or excelsior, mixed
,
heavily with

iron oxide ore, so-called bog-iron ore. This material is generally

used for the same purpose at gas-works and coke-oven plants.

Whenever a great percentage of sulphur is present in the gas

any condensation of water-vapor in the engine should be carefully

guarded against. The cooling, by jacket-water, of the exhaust

valve-stem, piston or piston-rod and rod-packing should not be

carried to such extent as to cause the deposit of vapor on these

parts, and it has, in some cases, been found expedient not to use

cold water for cooling the piston, piston-rod, and rod-packing.

The practice of injecting water into the exhaust pipe, in order

to cool the exhaust, gas, is very injurious to the piping, whenever

traces of sulphur are present in the gas, and should, as far as

producer-gas installations are concerned, never be indulged in.

Olds ” Suction Gas-Producer.—A suction gas-producer of

a somewhat different type from the one just described, one with

an outside vaporizer, is illustrated in Fig. 168, together with

necessary cooling and cleaning apparatus. The vaporizer, W, is

here built on the principle of a water-tube boiler, and it is attached

to, and independent of, the producer proper. It consists of a set
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of water-tubes, which connect a lower water-chamber with an

upper steam-chamber, and a surrounding flue through which the

hot producer gases pass; being, in passing, deflected to the right

and to the left, laterally to the axes of the tubes, by two baffle

plates. The producer-gases are collected at the centre of the fuel-

level in the producer by the pipe, P, which conducts them in

to the vaporizer, and from the latter they are delivered, through

the change-valve, C, to the cooling scrubber.

The apparatus illustrated, which is a 300-horse-power pro-

ducer of the Olds design, contains several new features of interest.

The air for the combustion is taken from the outside in to a pre-

heating duct, D, surrotmding the upper part of the furnace-shell,

is heated by being carried once around the shell, and is delivered

to the ash-pit through the pipe A. With the air is, of course,

charged also the required quantity of steam, which is furnished

by the vaporizer, through the pipe 5'.

The producer is equipped with a water-sealed, revolvable,

top, upon which a water-sealed charging-hopper is mounted, a

proper distance off from the centre, so that by revolving the top

the fuel can be charged all around the outside of the fuel-bed.

The grate is revolvable and presents a conical surface against

the fuel-body, with a central, adequate opening at the bottom,

through which ashes and cinders are freely discharged.

The change-valve, C, is particularly of interest, as it is one of

a water-sealed type. The casing of this valve consists, as seen,

of a cylindrical vessel holding a small amount of water, through

which the vent-pipe, 7
,
passes up, a short distance above the

water-level. The valve proper is mainly an inverted cup, which

is dropped over the orifice of the vent-pipe, whereby it effectively

seals the gas-passage against the access of any air from without.

When this cup-valve is raised out of the water-seal, by means of

the rack and pinion shown in the illustration, it carries with it,

in a surrounding ring-cup, a quantity of water, into which the

orifice of the pipe leading to the scrubber dips, and becomes,

thus, properly sealed against access for air. In its raised position

the valve leaves the vent-orifice free for discharge from the pro-

ducer to the atmosphere.
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The cleaning apparatus consists, as seen, of a combination

wet and dry scrubber. The gas is delivered to the wet scrubber

through the pipe 5, and passing up through the water-sprayed

coke-body it becomes cooled and cleansed of dust, after which it

is passed, through the pipe E, in to a set of two dry scrubbers’

located in the base of the apparatus. The object of using two dry

scrubbers is, simply, to double the filtering area through which

Fig.

1
68.

—

Suction

Gas-Producer

with

Outside

Vaporizer.
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the total volume of gas must pass. The gas current divides itself,

thus, between the upper and the lower filtering-chamber, passing

in at H and I, and being delivered to the engine through the

openings K and L.

is a gauge-board with four water-gauges, each in order

showing the ga.s-pressure, respectively, in the vaporizer, at the

inlet side of the wet scrubber, at the outlet side of the wet scrubber,

and at the outlet from the two dry scrubbers. By this means

any obstruction in the gas-passages may readily be detected. A
gauge-board of this kind, which makes it possible to ascertain

quickly the pressure at different points of the gas-system, becomes,

in connection with installations of some magnitude, a very neces-

sary apparatus. A single water-gauge, piped up to the different

points of the gas-system, with a small stop-cock in each branch

may, however, answer the purpose.

P' is a float-valve that controls, automatically, the water-level

in the vaporizer.

Bituminous Producers.—The Water-Bottom Producer.—The

water-bottom bituminous producer. Fig. 169, is a direct develop-

ment from the original Siemens type. The grate for supporting

the fuel is dispensed with, and the fuel-bed is made to rest on a

column of ashes and refuse formed at the combustion; the

whole fuel-column resting on the producer-bottom, which is made

into a pan from which the refuse can very readily be removed, as

required. The blast is carried to the centre of the column of

ashes, and discharged by a distributing nozzle as evenly as

possible over the full area of the bosh, some distance below the

fuel-line. The producer is sealed by having the side-shell ex-

tended down into the ash-pah, which is luted with water.

This producer is used extensively for generating fuel-gas, and

it may be said to be the standard type for fuel-gas. It is also,

due to the fact that it involves a minimum amount of labor in its

operation, used frequently for generating power-gas. It must

then, however, be supplemented by effective cleaning apparatus

for removing large quantities of tar.

More modem, bituminous producers are constructed and

arranged with the idea of preventing the formation of any tar
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Fig. 169.—^Water-Bottom Producer.
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at the cooling of the gas. This is attempted by aiming to break

up, in the furnace, into non-condensible gases, the hydrocarbons

that form tar.

Tar is formed by the condensation of a variety of heavy

hydrocarbons, many of which can readily be fixed into non-con-

densible gases by being heated to the required temperature. The

new products which are formed at the decomposition of the

hydrocarbons are hydrogen and carbon, or marsh-gas and carbon.

Both these gases are stable and of high heating-value.

The Down-Draft Producer.—

A

producer built on this principle

is the Loomis-Pettibone down-draft, double-furnace producer, a

complete installation of which is shown in Fig. 170. In this

producer the breaking up of the heavy hydrocarbons into incon-

densible gases is accomplished, in part at least, by carrying the

gases which are distilled from the fresh fuel down through the

incandescent coke in the lower part of the producer. The fuel

will lose its volatile matter and become coked as it passes down

into the furnace.

The producer proper consists, as will be seen, of two similar

generators, i and 2, coupled to a common boiler, F, by means of

the valves, C and D, so that they form one unit. A common

exhauster, E, serves both generators for inducing the draft

through their fuel-beds. Steam is introduced at the top of the

generators and mingles with the air admitted through the top

doors, A and B, which are open during the normal operation.

The gases pass from the generators to the boiler for vaporizing

the needed supply of steam, then, through the cooling and cleaning

apparatus, to the gas-holder.

The fires may be regulated by passing, at regular intervals, a

reversed current of steam through the fuel-beds for a fraction of

a minute. This is effected by closing the openings, A and B,

together with, for instance, the valve C, and admitting steam to

the ash-pit of generator i. The cvurent, thus, passing up through

the fuel-bed of this generator, then over to the top of generator 2

and down its fuel-bed, or vice versa if the valve D is closed and

steam admitted to the ash-pit of generator 2.

The result of passing steam in this manner through tne fuel-
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beds is the reduction of their temperatures, at the formation of

water-gas. This gas being of a very high heating-value, it must

be produced and mingled evenly with the gas normally generated,

in order that any great fluctuation in the heating-value of the gas

shall not he felt by the engine. To insure an even quality of gas,

a gas-holder of some capacity is generally used in connection mth

this installation.

The gas-exhauster is connected to, and controlled by, the

gas-holder, in such a manner that when the latter becomes filled

with gas it shuts down the exhauster, thus stopping, for the time

being, any production of gas.

The cleaning apparatus commonly used in connection with

this type of producer, consists often oiJy of a combination wet

and dry scrubber, as shown in Fig. 1 70, supplemented by a saw-

dust purifier which is not shown.

The wet scrubber consists of a cylindrical steel-plate vessel

provided with several trays heaped with coke over which water

flow’s from a spray nozzle above. The gas is admitted at the

bottom, and ascends slowly through the coke-bodies and is due

to contact with a large surface of wet coke cooled and freed from

tar and dust.

Pouble Zone Producers.—The Deutz double-zone producer.

Fig. 1 7 1, is a combination of a down-draft and an up-draft pro-

ducer. It contains two zones of incandescent fuel. Air and

steam are admitted into the upper part of the producer and the

draft is dowmward. The hydrocarbons that are distilled off

from the fresh fuel are thus drawn down through a bed of in-

candescent coke below, and fixed into a non-condensible gas,

which is taken out through a delivery-pipe about midway of the

height of the producer. At the same time there is another current

from the ash-pit up through the lower zone of the producer. The

main object with this latter current is to consume that part of

the fuel that otherwise would pass out of the upper zone un-

consumed. It helps also to maintain the upper zone in a high

state of incandescence, thereby contributing to the thorough

decomposition of most of the heavy hydrocarbons and to the

reduction of the carbon dioxide gases formed in the upper part
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of the producer. This producer appears to have many good

points, as far as the production of a stable gas is concerned, but,

in common with many of the bituminous producers, it requires

excessive labor to keep the fires in proper condition, particularly

Fig. 171.—^Deutz Double-Zone Producer.

if the fuel is not absolutely non-coking, and it is not very readily

cleaned. In places in Europe it has, however, been very success-

fully used on lignites and briquetted peat.

Lignite and Peat.—^The subject of lignite fuels for power

purposes is at present of the very greatest interest, there being

in the northwestern States, Dakota, Wyoming, and Montana,

immense fields of this fuel available for use in the power gas-

producer. The fuel is, however, of such a low grade that it can-

not, under present conditions, be transported any distance with

economy, and it becomes therefore mainly suitable only for home
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consumption. It will, on this account, be necessary to locate

the gas-producer plant conveniently to the fuel-supply.

In the following table are given the composition and heating-

value of samples of lignite from different localities, and, for the

purpose of comparison, the analyses of two other fuels, wood and

peat, that are occasionally used in the producer.

The heating-values of wood and peat are those of the perfectly

dried fuels, the moisture in the air-dried samples having been

allowed for.

The heating-values of the American lignites are those given

by the analyses of air-dried samples, and, the second figure, those

corresponding to perfectly dried samples.

When drying in the air, the lignites lose from lo to 30 per

cent of their original water contents.

Wood.
Average.

Peat.
Average.

Lignite.

Alameda Co.,
California.

Stark Co.,
N. Dakota.

Moisture in air-dried fuel 20 22 18.

s

3S-3

3°-7

IS 5

32.6

29.2

26.8

TI.4

Volatile matter

Fixed carbon

Ash

Ash 6 0 15-5

3-0

5-9

47.4

•7

27-5

8105

10020

II.

4

3-5

6.2

39-5

-5

3S .9

6970

10800

Sulphur

Hydrogen 6.2

50.0

1 .0

41.3

6 .0

56.0

1 .0

31.0

Carbon

Nitrogen

Oxygen

Calorific value as per analyses .

.

Calorific value, moisture allowed

for 7000 10200

An endurance test of a Deutz two-zone, down-and-up draft

producer on lignite fuel, lasting 320 hours, showed a fuel con-

sumption per brake horse-power of i .46 pounds.

An analysis of the fuel gave

:
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A calorific value of 8,500 B.T.U.

Fixed carbon 35 • o per cent.

Volatile matter 45.0 “ “

Ash 4.8
“

Water 15.2 “ “

The resulting gas showed no appreciable amount of tar.

Another test of this producer showed at heavy load (igo

B.H.P.), a fuel consumption of 1. 1 pound.

The analysis of the fuel gave:

Fixed carbon 42 . o per cent.

Volatile matter 31.2 “ “

Ash 4.4
‘‘ “

Water 22.45
“

The Jahn Producer.—^The Jahn producer, Figs. 172 and 173,

which in Germany is working very successfully on any grade of

cheap fuel, consists of four up-draft furnaces or retorts con-

nected by means of valves, in such a manner that the current

of gas can be shifted from one furnace of the set in to any other

one of the same’ set. The furnaces are charged at regular inter-

vals, starting with number i, next number 2, and so on, in

succession. The gases from the latest charged furnace, number

4, which to a great extent consist of hydrocarbons and moisture

distilled off from the fresh fuel, are drawn through the fuel-beds

of the second and third units. By this means, it is quite apparent,

the gases, when they leave the system, must be of a highly

stable quality, they having been passed through the incandescent

coke-beds of the second and third units. Furnace number i of

the set is, in the mean time, switched out of the system for being

cleaned, rc-charged and put in readiness to take the place of unit

number 4, in due time.

The general construction of the producer may be studied by

reference to Figs. 172 and 173. The upper half of Fig. 172

represents a plan view looking from the top of two furnaces, and

the lower half is sections taken through the furnaces, at C C and

D Z>. The left-hand half of Fig. 173 represents a vertical section
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taken on the line A A, and the right-hand half is a section taken,

on the bias, through the line B B.

It will be seen that each individual furnace communicates,

through ports E and F, with a central gas-flue, G, respectively,

above the main part of the furnace and at the bottom of the

furnace. These passages can be opened and closed according

to requirements by valves such as I and J

,

which are all operated

from the charging floor. The main shafts of the furnaces term-

inate, above the charging floor, in sealed hoppers, H, through

which the fuel is charged, and through w'hich also the fixed

producer-gases are conducted to the gas-main.

As each one of the hoppers, H, will, in turn, be opened at times

when its furnace is being cleaned and re-charged, there must, of

course, be provided a gas-valve in the pipes communicating be-

tween the hoppers and the gas-main. These valves, for fur-

naces I and 4, are shown at K.^ and K^. It will be necessary, at

times when the furnaces are first started up, to get rid of some

gas too poor for being used, and for that purpose there is also

provided for each furnace a vent-valve, which is shown at M.

The gas which is fixed and ready for the engines is, by means

of an exhauster, drawn from the furnaces through suitable cooling

and cleaning apparatus, and delivered to a gas-holder.

Assuming that the furnaces have been put in normal opera-

tion, and that furnace number 4 has been switched out of the

system for cleaning and re-charging. The valves I and J are

then, as shown in the drawing, closed, as is also the valve K^ in

the gas-pipe leading from hopper of furnace 4. This hopper,

as well as the fire- and ash-doors of furnace 4, can then be

opened to facilitate the cleaning of the furnace, because the

furnace is isolated from the rest of the system. When ready to

be switched in to the system, the hopper and fire-door of furnace

4 are closed and the valve I opened; the valve J and the gas-

valve, Ki, remaining closed; The draft current will, thus, be;

From the ash-pit through the fuel-bed of furnace 4, then through

the port E in to the central gas-flue, G. From there it wiU pass

through the passage F in to the incandescent coke-beds of furnaces

2 and 3 to be drawn from their hoppers to the general gas-main;
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furnace i being supposed to have been in the mean time, switched

out of the system to be cleaned.

The furnaces are built of capacities to hold a charge of three

to four tons, and may be arranged as many as required in one

group; each four furnaces being one set. The brickwork must

be laid in a substantial manner, and the whole group of furnaces

is encased in a steel casing.

A successful power-gas plant, containing several of- the Jahn

producers, has been in use, since 1902, at the Van der Heydt coal

mines in Germany, the fuel being refuse containing only 20

per cent coal. The producer seems to possess, in a promising

manner, all the requirements for a continuous production of a

fixed gas from low-grade fuels, excepting one—convenience for

poking the fires to keep the fuel-beds open, and it has been learned

that coal that has the tendency to coke is unfit for use in this

producer,

Gas-Washers.—A centrifugal gas-washer of efficient type is

shown in Fig. 174. It consists of a horizontal drum fitted with

radial vanes, which is journaled in a gas-tight steel casing also

carrying vanes that clear those on the drum by a small margin;

one-half to three-quarters of an inch. The drum is revolved at

a suitable speed; and the gas, after having been cooled in some

kind of cooling apparatus, is admitted to the washer through the

pipe, P, and in passing between the stationary and revolving

vanes of the apparatus is thoroughly mixed with a spray of w'ater

admitted through the pipe W. The tar-products and water are

beaten up to an emulsion which passes off along the shell of the

casing to the bottom of the washer; collecting in the lower settling-

chamber, and passing out at D to the drain-tank, T.

The current through the apparatus is impelled by the vanes

I at the outlet end of the revohdng drum, and the gas leaves the

discharge-chamber, R, at a slight pressure. If the pressure in

the discharge-chamber should, due to a decreased gas consump-

tion, increase a small amount above that contemplated, then the

excess of gas will become by-passed through the water-seal at S
and be returned through the ports R to the inlet side of the

washer. There is provided a water-seal also at the bottom of the



Fig.

174.—

Centrifugal

Gas-Washer.



452 THE GAS-ENGINE

inlet gas-pipe to afford a relief for the pressure in case an ex-

plosion should occur in the apparatus.

The light tar-products will be drained off from the drain-

tank at L, whereas heavy products will be collected and drained

from the bottom of the tank, or from the bottom of the settling-

chamber of the washer. An effective apparatus of this type will

readily remove the tar in the gas to such an extent that the im-

purities remaining shall not average more than 0.015 to 0.02

grains per cubic foot; the gas thus being amply clean for any

purpose for which it may be used.

A washer handling the gas from a 600 horse-power producer

would normally require 15 to 20 horse-power, but, as some

overload capacity will be required in starting, a 25 horse-power

engine or motor would suitably be pro\ided. The water-con-

sumption will not exceed two gallons per horse-power per hour.

Capacity of Producers.—^The rate at which coals may properly

be gasified in the gas-producer is at present a more or less un-

settled question, due to the variety in the character of the coals

generally used. It has frequently been held by German author-

ities, that in an anthracite producer seven to nine square inches

of sectional area of the fuel-column would be a proper allowance

per horse-power, but the practice with American anthracite coal

has shown that ten to sixteen square inches give far better

results on a somewhat steady load. When the load-conditions

are such that the engine may run very light for a considerable

length of time (say, less than one-quarter of full load for about

twenty minutes), and then the full load be suddenly thrown on,

and if such changes are liable to occur repeatedly, then it is

ad\isable to install a relatively small producer. Since the large

producer is unnecessarily large at light loads, it will, if the vapor-

supply is not carefully controlled, become cooled down during the

light load to such an extent that w'hen the heavy load comes on

it may not be in a condition to respond with the required supply

of gas. The smaller producer, on the other hand, will not, under

reasonable short intervals of heavy load, have time to become

heated enough to give trouble on account of a clinkering fuel,

and will maintain better a normal condition during light-load
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periods. When the load is steady a large producer is, however,

to be preferred.

When a producer is used for generating gas for power purposes

its capacity is generally expressed in horse-power, although it

would be more correct to express it by the number of pounds of

coal it can gasify per hour. If the fuel-consumption be counted

iX pound of coal per horse-power, then lo to i6 square inches

sectional area per horse-power would correspond to a gasification

of i 8 and ii pounds of fuel per square foot fuel-area per hour.

In a bituminous producer good gas can be generated from

suitable coal at the rate of 20 pounds of fuel, or more, per square

foot, but with less suitable fuels the gasification should not be

driven at a higher rate than 10 pounds per square foot; the best

rate for gasification being very much dependent on the quality

of the fuel.

The reaction in the producer whereby good gas is produced

depends on the amount of hot fuel-surface exposed to the action

of the gases passing through the fuel-bed, its temperature, and

the speed with which the gases pass. If the current is forced

through at a high rate of speed the temperature of the fuel-bed

must be high in order to reduce the C O^-gas properly, and the

hot zone becomes high, wherefore the gases pass off hot. If, in

such a case, the fuel is of a good quality, containing a low per-

centage of ash and refuse of a high fusing-point, then the produc-

tion of good gas will proceed with no other inconvenience than

that there will be incurred some loss due to the excessive amount

of sensible heat carried off by the gases. On the other hand,

should the fuel be of a low grade, containing a great amount of

highly fusible refuse, then great inconvenience will be experienced

on account of the formation of clinkers that impede the even flow

of the gases over the whole area of the fuel-bed. The current

will seek channels forming through the fuel-bed and gas of a poor

quality will escape. A continuous poking of the fire to remove

clinkers must in this case be resorted to, in order to keep up the

gas-production.

With low'-grade fuels, the operation of the producer, at the

rate of 10 pounds of fuel per square foot fud-area and at a tern-
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peratiire o£ Ihe fuel-bed of i,8oo to 2,000° F., may be continued

without any great inconvenience from the fusing of the ash,

whereas at an increase of 25 per cent of the output the temperature

of the furnace may rise to 2,200 degrees and cause a great ex-

penditure of labor to keep the operation going.

With regard to low-grade fuels containing a great amount of

highly fusible ash, the nearest to a correct statement as to the rate

at which it should be gasified may, perhaps, be to say, that the

proper rate is only that which involves the least amount of labor

for producing a gas of good quality.

Size of the Gas-Outlet Pipe.—The following may serve as a

guide for determining the size of the gas-outlet pipe of a power-

gas producer. There is generated, in the anthracite suction

producer, about 5X pounds of gas per pound of coal, or, in

volume, on an average, 80 cubic feet at 62° F. Assuming the

gas to leave the producer at 900 degrees, its volume at that

temperature will be 208 cubic feet per pound of coal, or, per

pound of coal gasified per hour, there will be discharged 0.06

cubic feet per second.

Limiting the mean speed of the gases through the discharge-

opening to 30 feet per second, the required area of the opening

becomes 0.28 square inches per pound of coal gasified per hour.

There is generally figured, as a safe allowance, iX pound of

anthracite fuel per brake horse-power per hour, and, hence, the

required discharge opening per horse-power would be o. 35 square

inches.

For the type of anthracite producer shown in Figs. 167 and

168 this area of discharge pipe is ample.

The gas from a bituminous producer is often of a higher

temperature than 900 degrees, it being less thoroughly cooled by

the fresh fuel-charge and vaporizer, but, on the other hand, the

volume of the gas generated per pound of fuel is somewhat less

than that of anthracite gas. An area of the discharge opening of

0.28 square inch per pound of fuel gasified per hour, or 0.35

square inch per horse-power, will therefore be ample even for the

bituminous power gas-producer. When cooled, the volume of

the gas is less than one-half the volume at 900 degrees, wherefore
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Fig.
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the pipe carr34ng the cool gas can, consistently, be smaller than

the hot gas-pipe.

For a fuel-gas producer the discharge pipe would be larger

than the proportions given, which apply for power-gas producers.

Figuring the maximum capacity of a fuel-gas producer 18 pounds

of fuel per square foot area, and the discharge-opening 0.5 square

inch per pound of fuel gasified, the discharge-pipe would be nine

square inches in area for every square foot area of the producer,

or at a ratio of i to 36. The diameter of the discharge-pipe,

therefore, one-quarter of the diameter of the producer.

Producer and Gas-Engine Installation.—Fig. 175 illustrates a

complete installation of a suction gas-producer and engine. In

the way of cleaning apparatus the installation contains the usual

wet scrubber (coke-scrubber), and a dry scrubber which, in order

to economize on space, is placed below the floor-line. The engine

is started by means of compres.sed air which is delivered from an

overhead air-tank to the starting-valve, S. An air-pressure of

120 to 140 pounds is commonly used. The size of the air-com-

pressor, usually driven by a small gasoline- or gas-engine, and

the size of the air-tank, should be suited to each other so that the

time for storing up the pressure does not become excessive.

For aU single engines of Table XXV a 3x4 single-acting,

two-cylinder compressor running 200 to 250 turns will be ade-

quate, and the same compressor will do for twin or tandem en-

gines up to a size of 17 x 28. For any twin or tandem engine,

referred to in the table, above that size a x 5 compressor will

be better.

The complete installation must also include a pump for

circulating the cooHng-water through the jacket of the engine.

The required size of such a pump may be determined according

to the method given at.page 297.



APPENDIX
Gas-Engine Tests.—In the following are recorded, in detail,

a few gas-engine tests of acknowledged high efficiencies, com-
prising various kinds of fuels. The main data relating to these

tests have been included in Table XXXI, and below will be found,

in carefully tabulated form, the detail data of interest as given

by the experimenter, but transcribed to the English system of

weights and measures.

Test of a 5oo-Horse-power Borsig-Oechelhaeuser
Engine on coke-oven gas, at Silesia, Germany. Test by Prof.

E. Meyer of Charlottenburg, Oct. 26, 1903.

The main dimensions of the engine, which is of the two-cycle

type shown in Figs. I34<x and 134^, are:

Working Cylinder.
Diameter
Length of stroke

. . . . 26.6 inches

. . . . 37.5 inches

Blowing Tub.
Diameter
Length of stroke
Diameter of piston-rod

. . . , 65 . 0 inches
• • • • 37 -S inches
. , . . 6.0 inches

Double-acting Air Pump.
Diameter of piston
Length of stroke

Diameter of piston-rod
....

Single-acting Gas Pump,
Diameter of piston
Length of stroke

. , . . 45.0 inches

. . . . 19.6 inches
, . , . 3.54 inches
. . . . 2

. 75 inches

. . . . 23.2 inches

. . . . 19.6 inches

The composition of the gas used is shown by the following

table:

Analyses of Coke-Oven Gas.

Test Number . • . ... I. ll. III.

Time . . . « 10 a.m. 4p.m. 10 a.m.

Per Cent Hydrogen, JET. . .... 42 .00 48.08 43 80
Carbon monoxide, C O . .... - 11.84 10.60 10.20
Heavy Hydrocarbons - . .2,63 1 .80 2.10
Methane, C iJ* . • - . . • 1973 18.43 20.30
Nitrogen, N .... .... . 18.69 15.89 17.90
Carbon dioxide, C O9 . . 4-91 4.90 5-30
Oxygen, O .... 0 . 20 0.30 0 .40
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This engine test is notable, not only on account of the high

eflhciency it records, but also on account of the unusually low

average heating-value per cubic foot of actual charge.

Figuring the capacity per unit volume of the cylinder at par

with that ,of a non-scavenging engine (the suction displacement-

volume thus equal to the volume of the actual charge) we find:

The suction displacement-volume per revolution to be 24.1 cubic

feet;

The suction displacement-volume, per minute, of test X, 2557
cubic feet;

The total indicated power of test X is 769 I.H.P.

;

Hench, the suction displacement per ind. horse-power is D = 3.32

cubic feet.

The thermal efficiency of test X is Efy = 0.385 with respect to

the indicated output.

If the above quantities are inserted in formula 52 we obtain:

H 42.42 42.42

i(»a+i)
-

0.385 X 3. »=
*

Thus, referring to test X, the heating-value per cubic foot of actual

charge is 33.2 B.T.U. only; and with respect to the other tests

of the series it will be found also to Approximate this figure.-

The assumptions made in Chapter VI, with respect to the

normal charge were the following:

The excess air is 15 per cent of that theoretically required, the

pressure of the charge at completed suction-stroke is 13.2 pounds

absolute, and its temperature is 120° F. Under these conditions

the normal charge would be of a heating-value of 61 B.T.U. per

cubic foot. Hence, the preceding test would indicate that for

obtaining the best efficiency the required excess air-charge should

be much greater than the assumed 15 per cent allowed in the

normal charge. It is true that many efficiency tests on illumi-

nating- or coke-oven gas have given excellent results with an

excess dilution of 30 to 50 per cent above that theoretically required,

but, then again, many tests show poor results when a too highly

diluted charge has been used, and it is exceptional that a very
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high efficiency is obtained with a charge diluted, as in the above

test, to approximately twice the volume of that which in the pre-

vious has been designated'^e normal charge.

As an explanation of^il high efficiency obtained in the above

case in spite of the highly diluted charge used, the circumstance

that the hot neutrals are not fuUy expelled from the cylinder

would probably be quoted; and that they are separated from the

fresh charge, which therefore, actually, contains essentially less

air than appears from the above computation. In this case the

neutrals remaining in the cylinder serve in the main only to reduce

the effective cylinder-volume.

For the sake of comparison with the above test, it will be of

interest to make some deductions from a test of another two-cycle

engine of high economy.

The test of a Koerting engine at Hanover, recorded in Table

XXXI, gave on producer-gas an efficiency Efy = 0.34. The

cylinder dimensions are 21.6 X 37.7 inches, and the speed of the

engine was loi revolutions per minute.

Assuming the piston-rod to be of a diameter of $ inches, we

obtain:

The suction displacement per stroke 7.55 cubic feet, and the suc-

tion displacement per minute 1525 cubic feet.

The work generated was 481 I.H.P., and, hence,

the suction displacement per indicated horse-power per minute

3.17 cubic feet.

The heating-value of the actual charge becomes, therefore, per

cubic feet:

H
xa -f-

42.42

0.34 X 3.17
40. B.T.U.

The low heating-value of the gas used being 129 B.T.U. per

cubic foot, the heating-value per cubic foot of normal charge

would probably be in the neighborhood of 45 B.T.U.

In this case we have, therefore, a two-cycle engine which gives

a high efficiency, using a charge much less diluted than in the

case of the previous test.
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In the case of the test. of the Premier engine at Winnington,

also recorded in Table XXXI, a thermal efficiency referred to

the indicated output of 0.337 obtained. This engine, of

four-cycle scavenging type, has a suction displacement of 10.61

cubic feet per revolution, which is equivalent to a suction dis-

placement, at the test, of 2.78 cubic feet per indicated horse-power

per minute.

The heating-value per cubic foot of charge was, accordingly,

at the test 46 B.T.U.; whereas the heating-value of the so-called

normal charge (the gas being of 144 B.T.U.) would probably

approximate 48 B.T.U.

Again, the test of the double-acting Nuernberg blast-furnace

gas-engine at Rombach, recorded in Table XXXI, gave a thermal

efficiency Efy = 0.339, and the suction displacement per indi-

cated horse-power per minute was Z> = 3.1 cubic feet. The
heating-value per cubic foot of charge, accordingly, 40 B.'I'.U.,

whereas the heating-value of the so-called normal charge (the gas

being of 88 B.T.U.) would probably be somewhat less than

40 B.T.U.

From the above deductions it will appear, thus, that it is not

generally necessary for obtaining a good economy that the charge

should contain a very great excess of air, though it is possible

that an apparently highly diluted charge may give a very ample

efficiency, if the neutrals in the cylinder can be kept separated

from the actual charge.

Test of a 300 Horse-power High-speed Diesel Engine

at the Augsburg Works of the Diesel Co. The test made by Chr.

Eberly, of Munich, and recorded at page 180 of the Zeitschrift

des Vereins Deutscher Ingenieure, February i, 1908.

The fuel used 'was Galician crude oil of the following com-

position:

Carbon 86.41 per cent

Hydrogen 12 . 66 per cent

Sulphur 0.85 per cent

Oxygen and nitrogen .08 per cent

100.00

Lower heating value, 18,130 B.T.U. per pound.
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Table XXXIII contains the results of the principal tests

of the complete series, and in Fig. 177 are represented the fuel-

consumption curves for four different speeds of the engine.

Fig. 177.—Fuel-Consumptioii Curves of Diesel 500 H.P. High-Speed Oil-Engine.

Duty Test of a Westinghouse Horizontai, 500 Horse-

power Double-acting Tandem Engine at the Plant of the

Norton Co., Worcester, Mass.

Test made June 24 to 26, 1907, by G. J. Alden and J. R.

Bibbins.

Cylinders: 23X inches diameter,

33 inches stroke.

Bituminous gas-producer of the Loomis-Pettibone down-

draft type.

A series of fuel-consumption tests on varying loads were

made by observing the drop of the large gas-holder during the

time each test was in progress. These tests are recorded in

Table XXXIV, and graphically in Fig. 178.

There was also carried out a si-hour test under average

factory conditions, the general results of which are recorded in

Table XXXV.
The mechanical efficiency of the engine was determined by

comparing the results of 72 sets of indicator cards wdth the

electrical output at the time the cards’ were taken; the generator

eflSciency having been carefully determined. The average

mechanical efficiency was 83.5 per cent. Clearfield bituminous

coal- was used, the analysis of which averaged:
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Volatile matter 19.87
Fixed carbon 73-71
Moisture 0.87
Ash 5.54
Sulphur 0.83
Heating-value, B.T.U. per pound, actual fuel 14-321
Heating-value, B.T.U. per pound, dry fuel 14.450

Per square foot of the producer fuel-bed there were gasified:

Maximum fuel 14.97 pounds per hour.

Minimum fuel 12.71 pounds per hour.

Average 13 -33 pounds per hour.

The average gas-analysis during the 51-hour test was, approxi-

mately :

Carbon monoxide 23.5

Hydrogen 8.5

Methane i

Nitrogen 63

Carbon dioxide 4

100.0

Heating-value, by calorimeter.. 114.26 B.T.U. per cubic foot.

Heating-value, by analysis .... 112.40 B.T.U. per cubic foot.

The construction of the diagram, Fig. 178, is readily seen.

Taking, for an illustration, the point A on the cubic feet gas per

hour curve, which corresponds to a total gas-consumption of

30,000 cubic feet per hour, we obtain the corresponding heating-

value consumed per hour, 3,190,000 B.T.U., as indicated on the

B.T.U. per hour curve, and read on the B.T.U. per hour scale,

near the right-hand side of the diagram. The horse-power

corresponding to the point A , read on the horizontal bottom line

of the diagram, is, approximately, 225 B.H.P. The heating-

value consumed per brake horse-power per hour, therefore,

14,170 B.T.U., and the thermal efficiency approximately,

- = 17.9 per cent. The latter two figures are read on,

respectively, the B.T.U. per B.H.P. hour scale and the thermal

efficiency scale, at the right-hand side of the diagram.

The divisions of the B.T.U. per B.H.P. hour scale and the

thermal efficiency scale are such that the distance between each

two successive horizontal lines represents, respectively, 800

30
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TABLE XXXV.

Average Heat Distribution During a 61-Hour Test (At. 500B.H.P.).

Engine Only. Entire Plant.

Useful work—B.H.P 24.9 18.38

Friction and pump work 4.58 3-37
Loss in cooling water 34.22 25 .22

Loss in exhaust and through radiation 363 28 .81

Loss in producer 26.22

100.00 100 .00

Thousands
Cu. Ft.
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B.T.U., and 0.8 per cent The heating-value of the gas is

figured at 1064 B.T.U. per cubic foot

Test of a Niex Single-Cylinder 45 Horse-power Engine

on city gas. The test was made at Evreux, France, Nov. ii,

1901 5
by A. Witz and Moreaux.

The unit of work of the metric system is not exactly the same

as that of the English; the English horse-power being approximately

14 per cent larger than the metric. This fact is often dis-

regarded when data of the tests are transposed from one systeni

to the other. To avoid discrepancies in the figures, however, due

allowance should be made for the difference; or the fact that

work is expressed in metric horse-power should be stated.

In the following test the data are given both in the original

metric system and in the English, and, as a result of the discrep-

ancy between the two horse-powers, it will be found that no

two corresponding figures of the two columns referring to con-

sumption per horse-power are, directly, reducible from one to the

other.

Results of a Test of a Niel Four-Cycle Engine on City Gas.

Metric
System.

English
System.

Diameter of the cyKnder 35° ”*/m 13.78 in.

Length of the stroke 480 18.9 in.

A rope-brake was used, having:

A sheave diameter 2m. 220 84,7 in.

An effective diameter to the centre of the ropes .

.

2^.254 88.74 in.

The circumference corresp. to the effective diam. 7W.08I 278.75 in.

No-Load Test:
219.06

9.64OC.W.Gas-consumption per hour 340.4 c,j.

T^T-js.eOTT'na _ . . . res’”/*.
1

36’«/«The pressure of the gas (by water column) 1 .42111.

The temperature of the gas JO® C.
j

1

50° F.

Gas consumption per hour reduced to 32° F. and

76o«*/« 9.331 c.«. 330 c- /•

Cooling water used per hour 255 litre 562 lbs.

^ f at inlet 1
12° C. 53 - 6® F.

Temperature of cooling water
67° C.

1

152.6® F.

Heating-value carried off by the water 14,025 cal. 55,640 B.T.U.
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Results of a Test of a Niel Four-Cycle Engine on City -{Continued.)

* Metric
System.

English
System.

Full-Load Test:

Duration of test I hour 45 m.

Speed of engine (rev. per minute) 21^

.

Gas-consumption per hour 20.987 c.m. 741 c. /.

Barometric pressure

The pressure of the gas (by water column) 3^/m I .42 in.

The temperature of the gas lO-SS^C. 5o.63®F.

Gas-consumption per hour, reduced to 32® F. and

20 . 143 c. m. 7J1. e./.

Cooling water used per hour 419 litre 924 lbs.

Temperature of the cooling ( at inlet 12.5® C. 54 - 5'' F.

water ( at outlet 71 -5° C. 160.7° F.

Heating-value carried off by the water per hour . 24,721 cal. 98,129 B. T.U.

Net load on brake 137.083 Kg. 302.21 lbs.

Brake horse-power 46.02 45-38

Gas-consumption per B.H.P., gas of 32® F. and

0.439 15-67 «• /•

Higher heating-value jsi the gas, at 32® F. and

5,664 cal. 637 B.T.U.

per c. m. per c. f.

Heating-value consumed per hour per B.H.P. . .

,

2,486 cal. 9,981 B.T.U.

Heating-value corresponding to i horse-power hr. 632 cal. 2,545 B.T.U.

Heating-value carried off by the water, per B.H.P.

per hour 537 2,162 B.T.U

Indicated horse-power 53-54 52.79

Mechanical efficiency 0 .859 0.859

Gas-consumption per I.H.P. per hour 0.376 c. m. 13.47 c./.

Distribution of the heating-value in one pound of gas:

IfOSS in the cooling water 0,216

Loss in the exhaust gases 0.388

Loss in friction and radiation 0.141

Converted into brake horse-power 0.255

1. 000

The Prony Brake,—^The brake referred to in the above engine-

test consists of a brake-sheave around which is wound a rope of

sufficient strength for absorbing the power of the engine. One

end of the rope is fixed to a frame resting on the platform-scale
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which measures the pull exerted in the rope, due to the friction

between it and the brake-sheave, while the othet end is tightened

so as to produce the necessary frictional resistance. For the test-

ing of smaller engines the rope-brake is a suitable appliance.

In Fig. 1 79- is shown a design for a Prony brake, which was

originally illustrated and described by Mr. Oliver (page 1054 of

the Transactions of the American Society of Mechanical En-

gineers, Vol. XXIV.), and which can be used successfully for

absorbing much greater power than that for which the rope-brake

is suitable.

The brake-wheel is cooled by means of a stream of water

admitted between the flanges on the inside of the rim, and, to

effect circulation of the water, a scoop is arranged which, when
the wheel revolves, scoops up and carries off the hot water. The
brake-shoes are built up of ribs of soft wood, poplar or basswood,

with one-quarter of an inch space between the ribs, to afford

access for the lubricant underneath the brake-shoe. The knife-

edge at the end of the brake-lever wiU rest on a platform-scale

suitable for measuring the torque of the engine.

In order to simplify the figures involved in the calculation of

the power absorbed by the brake, the radial distance from the

centre of the wheel to the knife-edge is preferably made of a

dimension such that the circumference described by this radius

becomes an even number of feet.

Some Commonly Required Reduction-Factors.—^Fqr reduc-

tions between the English and Metric Systems

:

I metre = 3 . 28083 foot = 39.37 inches.

I foot = 0.304801 metre.

I cubic metre = 35.315 cubic feet.

I kilogramme = 2.2046 poxmds.

I pound = 0.4536 kilogramme.

I kilogramme per square centimetre = 14.223 pounds per

square inch.

I pound per square inch = 0.0703 kilogramme per square

centimetre.

I kilogramme-metre = 7.23292 foot-pound.

I foot-pound = 0.1382 kilogramme-metre.
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Fig.

179.—

Prony

Brake.
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4500 kilogramme-metre per minute = 0.986 horse-power

(English) = I horse-power (metric).

33000 foot-pound per minute = i . 014 horse-power (metric) =
I horse-power (English).

I calorie = 3 . 9683 B.T.U.

I calorie per kilogramme = 1.8 B.T.U. per pound.

I B.T.U. per pound = 0.555 calories per kilogramme.

I calorie per cubic metre = o. 1124 B.T.U. per cubic foot.

I B.T.U. per cubic foot = 8.91 calories per cubic metre.

Fuel consumption, in grammes per metric horse-power=
0.002235 pounds per English horse-power.

The mechanical equivalent of heat in the metric system is 427.

Hence:

I metric horse-power per minute = 10.54 calories per minute.

I metric horse-power per hour = 632 calories per hour.

The Accelerating Force Due to the Reciprocating Parts.

—

The distance-^ from the cross-head to its head-end-centre position,

expressed in terms of the angular distance between the crank and
the head-end dead centre is, according to Fig. 180

S = C A = C O — ' A 0 = (Zi4-jR) — {L cos + R cos w)

= R (i - cos w) + L (i - cos
(
9);

and we have

thus

^ _ sin

L sin w’

cos ^ I — sin^ It).

If in the above square root we add the term sin* w,



APPENDIX 473

which is of inconsiderable magnitude compared with the other

quantities of the root (its maximum value being when the

maximum value of * sin^ w is then we obtain, approxi-

mately

- (r)’ ” + (f

)

= I — K (^)*

* sin* w, or

This value inserted in the expression for 3' gives

S = R (^x — cos w + ^ sin^

.

The velocity of the cross-head is

^ ^
d\^ R {x — cos w ^ sifi?

J
d i d t

= R \sm w -I- }4-j- stn 2 W
j -jj-;

when i! is a variable representing time.

But as the velocity of the crank is assumed to be uniform,

therefore Rdw = V dt,

dw V
di r:

and hence xr ( • r lyR >
V = V w + Y" 2

The acceleration of the velocity is

^ sin 2
^

dJ “ Ti

Tr /'
t \ dw= V W +

-J-
COS 2WJ ~JY>

V dw
or by substituting for we get

K (It

( == ^ W + — cos 2 WJ.
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The force required for giving this acceleration is

P = —a]
g

when G is the weight of the reciprocating parts and g the accelera-

tion due to gravity.

Thus, for the forward stroke of the piston,

' s R yg ^

For the return stroke we obtain

cos W + — cos 2 Wj

G_

g
Z!
R

R
cos W —cos 2 W

JLt

(loo/)

(loor)

if w be figured from the crank-end centre.

For the beginning of the stroke {w = o°), cosw = i and

cos 2 w = T, and for the end of the stroke (w = i8o°),

cosw = — I and cos 210 = r.

Hence we get, if r and I be expressed in inches:

The accelerating or retarding force at the head end of the

piston stroke

12 G
r

P, = +
g

(look)

and the accelerating or retarding force at the crank end of the

piston stroke

12 G
(

r\
P,= +— -(i . . . (lOOC)

At the point of the stroke when the connecting-rod forms with

the crank a right angle, the crank-pin has momentarily a uniform

and maxim.um velocity in the direction of the rod; the angle /? is

there a maximum, hence the velocity of the cross-head is, at the

moment, uniform and a maximum. The velocity of the recipro-

cating parts, thus, changing at that point from an accelerating

to a retarding one, the accelerating force is

P = _+ 0 .

On account of the approximation that has been introduced,

this does not appear from the formulas 100f and loor.
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The crank angle for P = O is tan a =
r

The Tangential Crank-Effort.—Assume, according to the

notations of Fig. i8i, P to be the pressure acting on the piston

when the crank stands in the position O B; Q the component of

this pressure in the direction of the connecting-rod, and T the

corresponding tangential crank-effort, then, it will readily be seen,

Fig. i8i.

the relation between these three quantities, for any position of the

crank, will be expressed by the equations

The sign of plus applying for all positions of the connecting-

rod above the horizontal position and that of minus applying for

its positions below the horizontal line.

The value of cos and /9 will be obtained from the ratio

r _ sin p

I sin tv

Thus cos ^ I — sin^ w.

By inserting in equation 127 the values for P,tv, ^ and cos p

the tairgential effort for any crank-position may be solved.

When the tangential effort for a number of crank-positions is

required, it is, however, much quicker work to derive the crank-

effort by means of a graphical construction as follows:

Let it be required to find the tangential crank-effort for a

crank-position OB; the pressure in the cylinder for the corre-
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spending position of the piston being P. The position of the

cross-head pin, corresponding to the position,P, of the crank-pin

we find by pointing off, from B to A, the length of the connecting-

rod, Z; and through the points ^ and P we draw the line A B
representing the centre-line of the connecting-rod, which, for

positions of P to the right of the vertical centre line through O,

we extend a proper amount beyond the point P.

On the crank-radius extended outside of the crank-pin circle

point off, from P, the length P D representing to a suitable scale

the piston pressure, P, and draw from D, perpendicularly to

the base-line ^ O, a line D E terminating against the centre-line

AB.
We have then

or

Hence

D E sin (w -I- 0)

sin (90 -f- 0)’

sin (w + 0)

cos ^

DE^T.

DB
DE = P.

This construction may be carried out for any number of points

of the crank-pin circle, and the required construction-lines for the

various points will always be entirely clear of each other.

Engine Belts.—Engine belts being, generally, as far as the

designer of an engine has control, all of identical quality, and as

they work, in most all cases, under practically the same conditions,

the" Nagle formula (see page 878, Kent’s hand-book), can for

convenience with respect to such belts be written

(7 to 9) P-g-P-
.

cV
(128)

w being the width of the belt, in inches,

V the rim-velodty of the belt-sheaves, in feet per second;

B.H.P. the number of brake horsfe-power transmitted, and

c a coefficient.

If both belt-sheaves are of the same diameter then

c becomes = i; if not, c should be determined according to the

number of degrees arc of contact the belt forms on the smaller

sheave.
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The value of c will vary in the following ratio

:

Arc of contact between the belt and the smaller sheave,

90® 100° 110° 120° 130° 140° 150° 160° 170° 180°

coefficient C,

0.60 6s -70 -75 .80 •83 .90 •94 .97 I.O.

For a normal belt speed, 8o feet per second, this formula

allows, when the driving and driven sheaves are of equal size,

9 to II horse-power per each inch width of the belt; between

which limits the actual allowance in successful belt transmissions

is often found to lay. The choice between the wide and narrow

belt must, of course, be made according to the importance of

any particular case in hand.

Partial List of Valuable Contributions to the Subjects of

Combustion-Engines and Gas-Producers, and Relating Subjects.

R. Diesel: Theorie und Konstruction eines Rationellen Warmemotors. Berlin,

1893.

Alfred Musil: Die Motoren fiir Gewerbe und Industrie. Braunschweig, 1897.

Dugald Clerk: The Gas- and Oil-Engine; New York, 1896.

International Text-book Co : A Text-book on the Gas-Engine; Scranton, 1899.

Herman Poole: The Calorific Power of Fuels. New York, 1900.

Lucien PiSriss]^: Les Moteurs h Alcool. Paris, 1901,

Les Carburateurs. Paris, 1904.

CONCOiTRS International de Moteurs et Appareils utilisant L^alcool D^naturd.

Paris, 1902.

Frederick Grover: Modern Gas- and Oil-Engines. Manchester, 1902.

Gardner Hiscox: Gas, Gasoline, and Oil-vapor Engines. New York, 1902.

H. Guldner: Das Entwerfen und Berechnen der Verbrennungsmotoren. Berlin,

1903.

R* SchOttler: Die Gasmaschine, Braunschweig, 1902.

Mahler: Etudes sur les Combustibles. Paris, 1903.

Aim^ Witz: Traits Th6orique et Pratique des moteurs h gaz et k p6trole. Paris,

1903.

E, J. Stoddard: .
Gas-Engine Design. Detroit, 1903,

Goldingham: The Design and Construction of Oil-Engines. New York, 1904.

H. Harder: Die Gasmotoren. Diisseldorf, 1904.

Kleinmotoren. Wiesbaden, 1909.

E. Sorel: Carburation et Combustion dans les Moteurs k Alcool. Paris, 1904.

Translation by Sherman M, Woodward and J. Preston. New York, 1907.

L. Baudry de Saunier. L'allumage dans les Moteurs k explosions. Paris, 1905.

Bryan Donkin. Gas-, Oil- and Air-Engines. London, 1905.

C. E. Lucke. Gas-Engine Design. New York, 1905.
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A. Riedler. Gross-Gasmaschinen. Berlin, 1905.

S. Wyer. Producer-Gas and Gas-Producers. New York, 1906.

J. Emerson Dawson and A. T. Darter. Producer-Gas. New York, 1906.

E. J. Williams. Gasoline-Engine Ignition. Cincinnati, 1906.

S. A. Moss. Elements of Gas-Engine Design. New York, 1906.

Boverton Redwood. Petroleum and its Products. London, 1906.

U. S. Department op Agriculture. Test of Internal-Combustion Engines on

Alcohol Fuels. Washington, 1907.

U. S. Geological Survey. Report on the Operations of the Coal-Testing Plant.

Washington, 1906.

Alb. Ihering, Die Gasmaschinen; Berechnung, Untersuchung und Ausfiih-

,
rung. Leipzig, 1907,

Horace Allen. Gas and Oil Engines. Manchester, 1907.

F. R. Hutton. The Gas Engine. New York, 1908.

Carpenter and Diedrichs. Internal Combustion Engines. New York, 1908.

F. E. JuNGE. Gas Power. New York, 1908.

W. Hibbert. Electric Ignition for Motor Vehicles. London, 1908.

C. P. Poole. The Gas-Engine. New York, 1909.

F. R. Jones. The Gas-Engine. New York, 1909.

For contributions to the subjects having appeared in the

technical periodicals the reader is referred to the technical

indexes.
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Absolute temperature, 9.

Absolute zero, g.

Accelerating force, 194.

derivation of formulas for, 472.— work, 301.

area of, 201.

Acceleration-curve, 202, 213.

due to inertia of reciprocating

parts, 197.

Acid in producer-gas, 437.

Adiabatic expansion, 4.

— lines, 177.

Advancing the ignition, 302, 363.

Air-card, 35.

M. E. P. of, 36.

Air, composition of, 83.

— density of, 9.

Air compressor, size of auxiliary com-
pressor for starting of engine, 456.

Air-cooled cylinders, 295.

Air-gas, 434-

Air required for combustion of alcohol,

155 -

carbon, 84.

hydrogen, 84.

hydrocarbons, 84.
' various fuels, 109.

Air-starting arrangements, 404.

Alcohol, 148,
— carbureted, 149.

— denatured, 149.

— incomplete combustion of, 156.

Alcohol carbureters, 326.

Alcohol-fuels, composition of, 15

Alcohols, denaturing of, r4g.

Allis-Chalmers engine, the, 396,

Analyses of engine-cycles,

Analyses of producer-gas, i;33.

Analyses of various gas-engine fuels,

132, 133-

Automatic scavenging, 73.

Automatic valves, 279.

Automobile engine, 377.

auxiliaries of the, 327.

Avogadro’s law, 99.

Back-fire, 59, 171.

causes of, 320.

Balancing of the crank, 292.

three revolving weights, 293.

Barometric pressure at sea-level, 9.

Baum^ and specific-gravity equivalents,

105.

Beau de Rochas, 21.

Berthelot, determinations of heating-

value of fuels, 94, 108.

Blast-furnace gas, 143.

analyses of, 132, 146.

cleaning apparatus for, 143.

heating-value of, 147.

Benzol, 150.

Bituminous producer-gas, 133, 137.

Boiling-point of alcohols, 148.

Benzol, 150.

Borsig-Oechelhaeuser engine, 353.

Boyle's or Mariotte’s law, 10.

Brake horse-power, 58.

Brayton cycle, 24, 50.

Bruce-Macbeth engine, the, 375.

By-passing of air for carburetion, 326.

Calorie, 91, 470.

Calorific power, 87*

— value, 87.

at constant pressure and at con-

stant volume, loi.

479
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Calorific value, higher and lower, 88.

of fuels, 87, 108.

formulas for, 94.

Calorimeters, 89.

Calorimetry, 89.

Carbon, 80, 108.

— combustion of, 81.

— dioxide, 81.

— heating-value of, 81.

— monoxide, 81.

Carbureted alcohol, 149.

-water-gas, 433*

Carbureters, 323.

— alcohol, 326.

— constant level, 324.

— float-feed, 324,

— pressure-feed, 323.

Carburetion, 326.

Capacity of producers, 452.

Carnot cycle, 4, 52.

Centre-cranks, 227.

Circulating pump, size of, 297.

Cleaning apparatus for producer-gas,

43 <5, 450*

Clearance volume, 65, 76.

Clerk’s explosion experiments, 166.

— theory of heat-suppression, 172.

Coefficient of expansion of air, 9.

Coeflacient of steadiness of rotation, 212.

Coke oven gas, 136.

Coke-scrubber, 436.

Combustion, 80.

— air required for, 84, 109.

— complete and incomplete, 80.

— pressure and temperature after, 28.

— products, weight of, 86, 109.

volume of, 86, 109.

— slow, 172, 316.

— velocity of, 166.

Combustion-chamber, volume of, 65, 69.

Comparison of power-cycles, 44-55.

Compressed air, 17,

for starting of gas-engine, 404, 456.

Compression and expansion of gases, 15,

formulas for, 15,. 19,

Compression cards, 73.

— constant and variable, 315,

— lines, 70.

Compression pressure, 74-

— pressure usual, Table of, 74.

— ratio, 17.

Connecting-rod, 268.

Constant-level carbureter, 324.

Constant and variable compression, 315,

Continuous-effort diagram, 200, 202.

Continuous-explosion diagram, 321.

Control of engine, governing, 302.

Cooling of the cylinder, 295.

exhaust valve, 296.

piston, 296, 394.

— water required, 297.

Corrosion due to sulphur in gas, 395,

437 *

Counter-weight for crank, 292.

Crank, counter-weight for, 295.

— overhung, 227.

Crank-pin, 254.

effort, 199.

effort-curve, 198.

pressure, 193.

table of, 256.

table of sizes of, 258, 280.

Crank-shaft, 227.

deflection of, 249.

strength of, 227.

table of centre-crank shafts, 275.

Critical temperature of vapors, 105, 156.

Crude oil, petroleum, 122, 124.

Cut-off governing, 305, 373.

Cycle, the normal cycle, 25.

Cycles, Carnot, 52.

— Brayton, 50.

— Lenoir, 45.

— Otto, 47.

Cylinder, 298.

Dawson producer-gas, power-gas, 414.

Decomposition, of steam, 82, 417.

— of hydrocarbons, 123, 429.

Denatured alcohol, 149.

Density of a gas compared with hydro-

gen, 99.

air at atmospheric pressure, 9.

——alcohol-vapor, 156. .

the charge after completed suc-

tion-stroke, III.
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Deutz producer, 444.

Diesel cycle, 24.

— engine, 24.

Dilution of the gas mixture, 170.

Displacement required per H.P., table

of, 120.

Dissecting analysis of alcohol, 152,

of producer-gas, 432.

Dissociation of hydrogen, 82, 417.

Double-acting engines, 335, 391.

cylinders, 298.

Double opposed cylinders, 188.

Double zone producers, 444-

Down draft producers, 442.

Dry scrubber, 436,

Dulong’s law, 94.

Economy of heat-transformation, 67.

Effective pressure, 16,

Efficiency, 32, 36, 65.

— constants, 34.

— for various compressions, table of, 68.

— of principal cycles, 46, 49, 51, 53.

Electric ignition, 329.

Elements of combustion, 87, 109.

Elementary fuels, data pertaining to, 108.

Energy, maximum fluctuation of, 204,

Engine types, 187-192.

Engine bed, 251.

strain in, 251.

Entropy, 5.

— expressions for, 7.

Entropy-temperature diagram, 41.

Ethyl alcohol, 148.

Ethylene, 82.

— combustion of, 83.

Exhaust gases, 424-

charged to the gas-producer, 424.

temperature of, 1 14.

— muffier, 328.

— valve, cooling of, 296.

Expansion of gases, 15, 19.

Expansion by heat, coefficient for, 9.

— line, 20, 22, 25,

— line, index for, 71,

— of piston,- 379.— ratio, 17

Experiments on explosive-mixtures, 166.

Explosion, 164.

— pressure, 166.

— waves, 184.

Explosive mixture, 123, 125.

Exponent for the compression line, 68.

expansion-line, 71.

External work of expansion, coefficient

for, II.

Final charge, heating-value of, 116.

Fire-test for oils, 129.

First principle of Thermodynamics, i.

Flame-propagation, 165.

— temperature, 96.

Flashing-point, 123, 129.

Float-feed carbureter, 324.

Fly-wheel, 187, 276.

coefficients, table of, 220.

curves, 202.

formulas, 217.

Fly-wheels, strength of, 272.

^ table of weights of, 276.

^weight of, 2 1 1.

Fuel, 80.

Fuel-alcohol, 149, 150.

Fuel-gas, 131.

table of properties of, 132.

Fuel-oil, 122.

Gas, 9.

Gas-analyses, 132, 133.

— blast-furnace, 132, 143.

— coke-oven, 132, 136.

— illuminating, 132, 135.

— natural, 133, 134.

— producer-gas, 133, 137, 139, 414-

Gas-engine cycles, 20.

historical outline of the, 20.

Gasoline, 123.

— carbureted gasoline as fuel, 125.

— carbureters, 323.

— engines, 323-

— heating value of, 125.

Gas-producers, suction, 434.

capacity of, 452.

double zone, 444-

down draft, 442.

Jahn, 447.
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Gas-producers, Minneapolis, 434,

Olds, 437-

Water-bottom, 440.

Gas production process, 415.

steam required for, 422.

Gas-Washers, 450.

Gay-Lussac^s Law, 10.

Governing, 302.

— hit-or-miss, 302.

— indirect, 312.

— qualitative, 305.

— quantitative, 305, 309.

— throttling or cut off, 305.

Governor, Hartung, 312.

Governors, inertia, 303.

— pendulum, 304.

Grover’s experiments on explosive mix-

tures, 165.

Hammer-beeak ignition, 330.

Heat-engine, 4.

cycles, 43“5S*

Historical outline of the, 20.

Heat energy, 9,

general equations for the trans-

formation of, 12.

transformation of, 4.

Heat-transfer of the gas-making pro-

cess, 418.

Heat-transformation, 4.

; efficiency of, 6, 32.

Heating-value, 88.

— •^•of the alcohol charge, 162.

— of the expanded normal charge in

general, 1.16, 132, 133.

— T- of v^^us fuel-gases, table of, 108,

per- eubic foot of perfect mixture,

30.

per pound transformed to H.V.
per cubic foot, 103.

Hit-or-miss governing, 302.

Homsby-Akroyd oil-engine, 384.

Horse-power, 56.

— formula for, S7> 58.

— of various engine-sizes, table of, 274,

— suction-displacement required per,

118.

Hydrocarbon loss in tar, 431.

Hydrocarbons, 82.

— combustion of, 82.

— heating-value of, 108.

Hydrogen, 82.

— combustion of, 82.

— dissociation of, 82.

— heating-value of, 82.

— ignition temperature of, 164.

Ignition, 164.

Ignition devices, 329.

— temperature, 164.

Illuminants, 150.

Illuminating gas, 132, 135.

Incomplete combustion, 80.

Indicated horse-power, 37, 58.

formula for the, 57.

— power of the two-cycle engine, 354.

Indicator card or diagram, 21, 23, 26.

Inertia diagram, 198.

— of the reciprocating parts, 193.

— of valves, 289.

Inflammation-temperature, ignition-

temperature, 164.

Injection of water in the exhaust pipe,

437'

Index for the compression curve, 68.

expansion curve, 72.

Isobaiic lines, 55.

Isometric lines, 55.

Isopiestic lines, 55.

Isotheimal expansion, 4.

Jacobson tandem engine, 370.

Jahn producer, 447.

Journal pressure on main bearings, 256,

260.

pins, 256.

Jump-spark ignition, 329.

•Junker calorimeter, 89.

Kerosene, 128.

— carbureted kerosene as fuel, 130.

— engines, 384,

— heating-value of, 129.

Koerting two-cycle engine, 335.

— four-cycle engine, 363.
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Latent heat of vaporization of alcohol,

pure, 148

of carbureted alcohol, 159.

of denatured alcohol, 159.

of gasoline, 126.

of steam from and at 32° F.,

89.

Length of piston-stroke, 75.

Lenoir engine-cycle, 21, 45.

— engine, 20.

Lignite, analyses of, 446.

— heating-value of, 446.

Lignite-producers, 445.

Liquid fuel, 122.

Losses in heating-value in the producer,

422.

Lowe gas, 132.

Lubrication, 262.

Magneto, Bosch, 332.

Magneto-electric ignition, 331.

Mahler colorimeter, 92.

Main bearing, 261.

Main journals, 254, 260.

maximum bearing pressure on, 256

Make-and-break ignition, 330.

Mallard and Le ChateHer, determina-

tions of the specific heat of gases at

high temperatures, 173.

Mariotte’s law, 10.

Massachusetts Institute of Technology,

explosion experiments, 168.

Maximum fluctuation of energy, 204,

Mean effective pressure, 34
and suction-displacement, table

of, 120.

at adiabatic expansion, 18.

at isothermal 16:

—

formula for the expected M. E.

P"? 35*

in relation to the maximum
pressure, 179.

of the air card, 35.

of the different cycles, com-

pared, 54.

Mechanical efficiency, 36, 58.

Mechanical equivalent of heat, 9.

Mechanically operated valves, 279,

Methane, 82.

Methyl alcohol, 148.

Mixtures, perfect, 29.

— weak, 17 1, 177.

Mond gas, analysis of, 133.

Muffler, exhaust, 328

Multiple-cylinder engines, 370, 375.

Munzel engine, 357.

Natural gas, 134.

compositions of, 133.

Neutrals, 30.

— their influence on the temperature of

the charge, 112, 114.

Normal charge, 28, 30.

heating-value of, 29.

pressure, and temperature of, after

combustion, 28.

after compression, 27,

— cycle, 25,

Oechelhaeuser engine, 346.

Oil engines, 384.

Oiling systems, 262.

Olds engine, 366.

Otto engine-cycle, 22, 47.

— engine, 22.

Oxygen required for comlS^ion**^f
carbon, 81.

hydrogen, 82.

hydrocarbons, 83.

— proportion in air, 83.

Peat producers, 445.

— analyses of, 446.

— heating-value of, 446.

Perfect gases, 10-

change in the temperatjjgof, 14.

compression of, 15, 17

expansion of, 15, 17.

Performance of engines, tables of,

410.

Petroleum, 122.

Phase, 219.

Phase displacements, 217.

Piston, design of, 264.

—(oolingof, 295.

— expansion of, 268, 379.
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Piston pin, 256, 258, 266.

— rings, 267.

— rod-packings, 300.

— speed, 59,

table of, 60.

—— tQ suit inertia-forces and com-

pression, 60,

— velocity curve, 281.

Power of an engine, 56.

working at an elevation

above the sea-level, 141.

Power installation, 456.

Pre-heating, 107.

of the alcohol charge, 160.

Pre-ignition, self-ignition, 59.

Premier Motor Co., Automobile motor,

377-

Pressure, marimum, formula for, 29,

31-

— mean effective, formula for, 35.

— range of cycles, compared, 54.

— volume, and temperature of air,

changes in, 14.

Principal gas power cycles, 20, 43.

Producers, gas-producers, 434.

— capacity of, 452.

Producer-gas, 414-
—^— air required for combustion of

anthracite gas, 133.

bituminous gas, 133.

composition when containing vary-

ing percentages C O^, 422.

constituents of, 133, 418, 428.

dissecting analysis of, 432.

gas-making process, 415.

theoretical analyses of, 427, 430.

theoretical composition, 421.

Products of combustion, 86.

table of, tog.

Prony brake, 469,

Propagation of the flame, 165.

Properties of common fuel-gases, 132,

133-

Proportioning air and fuel in mixture,

29, 109.

Pulsations in the fuel-supply pipe, 321,

323-

P. V. diagram, 2,

Ratio between initial- and mean effective

pressure, 179.

Reaction at combustion, 80.

Reciprocating parts, 196.

curve of acceleration pressures

due to the reciprocating parts, 197.

inertia of, 194.

weight of, 196.

Records of engine perfonnances, 410-

Scavenging, 74.

Schwabe rod-packing, 300,

Scrubber, coke scrubber, 436.

— dry scrubber, 437.

Second, principle of thermodynamics,

3-

Self-ignition, 59.

Semi water-gas, 434.

Side crank, 227, 247.

Slow combustion, 172, 316.

Snow Steam Pump Co^s engine, 406.

Sparking coil, 329.

— plug, 333-

— points, 329.

Specific heat, 8.

at constant pressure, ii, 96.

constant volume, ii, 96.

of air, 9.

of carbureted alcohol vapor, 155,

of denatured alcohol vapor, 155.

of various gases, table of, 97.

relation between S. H. at constant

pressure and S. H. at constant volume,

II.

Specific weight, 104.

equivalents in Baum6 hydrometer

degrees, 105.

Spring-tension of valve-springs, 288.

Standard temperature and pressure, 29.

’—gas, 103.

Starting of the gas-engine, 361, 404.

Stratification of the charge, 345.

Suppression of heat, 171.

Tandem' engines, two-cylinder single^

acting, 189, 370.

double-acting, 192, 394.

four-cylinder double-acting, 396.
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Tangential crank-pin pressure, 199.

—

construction of the, 200.

— effort, 193.

— effort-curve, 200,

Temperature of final charge, 116.

— after combustion, 28, 174.

— entropy diagram, 41.

— of combustion products, 114.

— of exhaust gases, 115.

— of producer gas-making process, nor-

mal, 423.

— range of cycles, compared, 54.

— volume, and pressure of air, changes

in, 14.

Test of a 500 horse-power Borsig-Oechel-

haeuser engine, 457.

300 horse-power Diesel engine,

461.

45 horse-power Niel engine,

468.

— 500 horse-power Westinghouse

engine, 464.

Theoretical mean effective pressure, 35.

Thermal efficiency, 32,

formulas for, 37.

— unit, value of, 9.

Thermodynamics, i.

— fundamental equations and principles

of, I.

— notations and definitions of, 8.

— principal laws of, 9.

Throttling governing, 305*

— four-cycle engine, 357.

Twin engines, two-cylinder single-acting,

189, 370.

double-acting, 19 1.

Two-cycle engines, 334-

indicated power of, 354.

Types of engines, 187, 220.

Valves, automatic, 279.

— exhaust, 281.

485,

Valves, inlet, 281.

Valve-lifts, 286.

— cams, 290.

— port areas, table of, 285.

— seats, 287,

— setting, 291.

— springs, 288.

— stem, 287.

Vapor pressure, 104.

of a mixture of two gases, 107.

of an explosive mixture, 107.

of fuel-gases, 106.

of saturation of alcohol, table of

106, 156.

of gasoline, table of, 106.

' of water, table of, 106.

Vaporizers, 323, 435* 437-

Velocity of flame propagation, 165.

Vibrator for ignition, 329.

Volumetric analysis of gases, 132,

133-

Volume of clearance, 65, 76.

combustion-chamber, 34, 65.

combustion-products, 109,

— pressure, and temperature of air,

changes in, 14.

Water-bottom producers, 440.

Water-cooling of cylinder, 295.

exhaust valve, 297.

piston, 296.

Water-gas, 433-

carbureted, 434.

production of, 433.

Weak spring indicator card, 281.

Westinghouse engine, the, 400.

Weston multiple disk clutch, 383.

Wrist-pin, 254.

bearing pressure on, 256.

size of, 258.

strength of, 266.

table of sizes of, 280.





Short-TITLE Catalogue
OF THE

PUBLICATIONS
OF

JOHN WILEY & SONS
New York

London : CHAPMAN & HAI^L, Limited

ARRANGED UNDER SUBJECTS

Descriptive circulars sent on application. Books marked with an asterisk (*) are

«old at net prices only. All books are bound in cloth unless otherwise stated.

AGRICULTURE—HORTICULTURE—FORESTRY.
Armsby’s Principles of Animal Nutrition,.... 8vo, 84 00
Budd and Hansen’s American Horticultural Manual:

Part I. Propagation, Culture, and Improvement. 12mo, 1 60
Part II. Systematic Pomology 12mo, 1 60

Elliott’s Engineering for Land Drainage 12mo, I 50
Practical Farm Drainage. (Second Edition, Rewritten.) ........ 12mo, 1 60

Graves’s Forest Mensuration. 8vo, 4 00
Green’s Principles of American Forestry 12mo, 1 60
Grotenfelt’s Principles of Modem Dairy Practice, (WoU.) 12mo, 2 00

Herrick’s Denatured or Industrial Alcohol 8vo, 4 00
Kemp and Waugh’s Landscape Gardening. (New Edition, Rewritten. In

Preparation.)
McKay and Larsen’s Principles and Practice of Butter-making 8vo, 1 60

Maynard’s Landscape Gardening as Applied to Home Decoration 12mo, 1 60
Sanderson’s Insects Injurious to Staple Crops 12mQ, I 50
Sanderson and Headlee’s Insects Injurious to Garden Crops. (In Prepa-

ration.)
Schware’s Ix)ngleaf Pine in Virgin Forests 12mo» 1 25

Stockbridge’s Rocks and Soils— 8vo, 2 60
Winton^s Microscopy of Vegetable Foods. 8vo, 7 60
WoU’s Handbook Farmers and Dairymen. lOmo^ 1 60

ARCHITECTURE.

Baldwin's Steam Heating for Buildings. l,2mQ,s 2'M
Berg's Buildings and Structures of American Railroa^is. ^
Birkmire’s Architectural Iron and Steel v.

Compoxmd Riveted 'Ghrders 'm Allied% t’.'; 4' 2

v

i

Planning ^d GomatrttctiOitt of
Planning and Oons!b*action of m
Skeleton Construction' fn Btdldixxgsi . . .v.*. OO



Briggs’s Modem American School Buildings 8vo, $4 00
Byrne’s Inspection of Materials and Wormanship Employed in Construction.

16mo, 3 00
Carpenter’s Heating and Ventilating of Buildings 8vo, 4 00
* Corthell’s Allowable Pressure on Deep Foundations 12mo, 1 25
Preitag’s Architectural Engineering 8vo, 3 50

Fireproofing of Steel Buildings 8vo, 2 50
Gerhard’s Guide to Sanitary Inspections. (Fourth Edition, Entirely Re-

vised and Enlarged.) 12mo, 1 50
* Modem Baths and Bath Houses .8vo, 3 00

Sanitation of Public Buildings. 12mo, 1 50
Theatre Fires and Panics 12mo, 1 50

*** The Water Supply, Sewerage and Plumbing of Modem City Buildings.
8vo, 4 00

Johnson’s Statics by Algebraic and Graphic Methods 8vo, 2 00
Kellaway’s How to Lay Out Suburban Home Grounds 8vo, 2 00
Kidder’s Architects' and Builders’ Pocket-book 16mo, mor., 5 00
Merrill’s Stones for Building and Decoration 8vo, 5 00
Monckton’s Stair-building 4to, 4 00
Patton’s Practical Treatise on Foundations 8vo, 5 00
Peabody’s Naval Architecture 8vc, 7 60
Rice’s Concrete-block Manufacture 8vo, 2 OO
Richey’s Handbook for Superintendents of Construction 16mo, mor. 4 00

Building Foreman's Pocket Book and Ready Reference. . 16mo, mor. 5 00
* Building Mechanics’ Ready Reference Series:

* Carpenters’ and Woodworkers’ Edition 16nio, mor. 1 50
* Cement Workers’ and Plasterers’ Edition l6mo, mor. 1 60
* Plumbers’, Steam-Fitters’, and Tinners' Edition. . .16mo, mor. 1 60
* Stone- and Brick-masons* Edition. 16mo, mor, 1 50

Sabin’s House Painting i2mo, 1 00
Siebert and Biggin’s Modern Stone-cutting and Masonry 8vo, I 50
Snow’s Principal Species of Wood 8vo, 3 50
Towne’s Locks and Builders’ Hardware ISmo, mor. 3 00
Wait’s Engineering and Architectural Jurisprudence 8vo, 6 00

Sheep, 6 60
Law of Contracts 8vo, 3 00
Law of Operations Preliminary to Construction in Engineering and

Architecture 8vo, 5 00
Sheep, 5 50

Wilson’s Air Conditioning 12mq, 1 60
Worcester and Atkinson’s Small Hospitals, Establishment and Maintenance,

Suggestions for Hospital Architecture, with Plans fora Small
Hospital * 12mo, 1 25

ARMY AND NAVY-

Bemadou’s Smokeless Powder, Nitro-ceUulose, and the Theory of the Cellu-
lose Molecule. 12mo, 2 50

Chase’s Art of Pattern Making. 12mo, 2 60
Screw Propellers and Marine Propulsion 8vo, 3 00

* Cloke’s Enlisted Specialists’ Examiner 8vo, 2 00
Gunner’s Examiner. 8vo, 1 60

Craig’s Azimuth 4to, 3 60
Crehore and Squier’s Polarizing Photo-chionograph 8vo, 3 50
* Davis’s Elements of Law Svo, 2 60

* Treatise on the Military Law of United States Svo, 7 00
DeBrack’s Cavalry Outpost Duties, (Carr.) ,24mo, mor. 2 00
* Dudley's Military Law and the Procedure of Courts-martial. . .Large i2mo, 2 50
Durand’s Resistance and Propulsion of Ships .Svo, 5 00
* Dyer’s Handbook of Light Artillery 12mo, 3 OO
Eissler’s Modem High Explosives 8vo, 4 00'
* Fiebeger's Text-book on Field Fortification Large 12mo, 2 00
Hamilton and Bond’s The Gunner’s Catechism 18mo, 1 00
* Hoff’s Elementary Naval Tactics gvo, 1 60

2



Ingalls’s Handbook of Problems in Direct Fire 8vo, $4 00
* Lissak’s Ordnance and Gunnery 8vo,
* Ludlow’s Logarithmic and Trigonometric Tables Svo,
* Lyons’s Treatise on Electromagnetic Phenomena. Vols. I. and II..Svo,each,
* Mahan’s Permanent Fortifications. (Mercur.) Svo, half mor.
Manual for Courts-martial 16mo,mor.
* Mercur’s Attack of Fortified Places 12mo,

* Elements of the Art of War Svo,
Nixon’s Adjutants’ Manual 24mo,
Peabody’s Naval Architecture Svo,
* Phelps’s Practical Marine Surveying Svo,
Putnam’s Nautical Charts Svo,
Rust’s Ex-meridian Altitude, Azimuth and Star-Finding Tables Svo
Sharpe’s Art of Subsisting Armies in War ISmo, mor.
* Tupes and Poole’s Manual of Bayonet Exercises and Musketry Fencing.

24mo, leather,
* Weaver’s Military Explosives Svo,
* WoodhuU’s Military Hygiene for Officers of the Line Large 12mo,

ASSAYING.

Betts’s Lead Refining by Electrolysis Svo,
Fletcher’s Practical Instructions in Quantitative Assaying with the Blowpipe.

16mo, mor.
Furman and Pardoe's Manual of Practical Assaying. (Sixth Edition, Re-

vised and Enlarged.) Svo,
Lodge’s Notes on Assaying and Metallurgical Laboratory Experiments..Svo.
I^w’s Technical Methods of Ore Analysis Svo,
Miller’s Cyanide Process 12mo,

Manual of Assaying 12mo,
Minet’s Production of Aluminum and its Industrial Use. (Waldo.). ..12mo,

O’DriscoU’s Notes on the Treatment of Gold Ores Svo,

Ricketts and Miller’s Notes on Assaying. Svo,

Robine and Lenglen’s Cyanide Industry. (Le Clerc.) 8vo,

Seamon’s Manual for Assayers and Chemists. (In Press.)

Ulke’s Modem Electrolytic Copper Refining.. Svo,

Wilson’s Chlorination Process 12mo,
Cyanide Processes. l2mo,

ASTRONOMY.

Comstock’s Field Astronomy for Engineers Svo,

Craig’s Azimuth 4to,

Crandall’s Text-book on Geodesy and Least Squares .Svo,

Doolittle’s Treatise on Practical Astronomy Svo,

Hayford’s Text-book of Geodetic Astronomy .Svo,

Hosmer’s Azimuth 16mo, mor.
Merriman’s Elements of Precise Surveying and Geodesy .Svo,

* Michie and Harlow's Practical Astronomy - . .Svo,

Rust’s Bx*meridisn Altitude, Azimuth and Star-Finding Tables .Svo,
*•* White's Elements of Theoretical and Descriptive Astronomy/.

CHEMISTRY.

* Abderhalden's Physiological Chemistry in Thirty Lectures! (Hall a®;^

D^en.) i
j

* j

Abegg’s ^Theory of'Bieetirolytic Di^ciatibh." <von Endife.). ^
•

Alexey&'s G^erlirl Principles of Org^aaic Syntheses^

Allen’s Tabl4^ fot XtbplAMllAie .rl >4

Armsby's Pimcipl^'orilnM^
Arnold’s ^Cdriip^ditun ofChen^ •

,
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Association of State and National Food and Dairy Departments, Hartford
Meeting. 1906 8vo,

Jamestown Meeting, 1907 8vo,
Austen’s Notes for Chemical Students 12mo.
Baskerville’s Chemical Elements. (In Preparation.)
Bemadou’s Smokeless Powder.—Nitro-cellulose, and Theory of the Cellulose

Molecule 12mo,
* Blitz’s Introduction to Inorganic Chemistry. (Hall and Phelan.). . . 12mo,

Laboratory Methods of Inorganic Chemistry. (Hall and Blanchard.)
8vo,

* Blanchard’s Synthetic Inorganic Chemistry 12mo,
* Browning’s Introduction to the Rarer Elements 8vo,
* Claassen’s Beet-sugar Manufacture. (Hall and Rolfe.) 8vo,

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo,

Cohn’s Indicators and Test-papers 12mo,
Tests and Reagents 8vo,

* Danneel's Electrochemistry. (Merriam.) 12mo,
Dannerth’s Methods of Textile Chemistry 12mo,
Duhem’s Thermodynamics and Chemistry. (Burgess.) 8vo,
Effront’s Enzymes and their Applications. (Prescott.) 8vo,

Eissler’s Modem High Explosives .8vo,

Erdmann’s Introduction to Chemical Preparations. (Dunlap.) 12mo,
Fischer’s Physiology of Alimentation Large 12mo,
Fletcher’s Practical Instructions in Quantitative Assaying with the Blowpipe.

12mo, mor.
Fowler’s Sewage Works Analyses 12mo,
Fresenius’s Manual of Qualitative Chemical Analysis. (Wells.) 8vo.

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.)8vo* 3 00-

Quantitative Chemical Analysis. (Cohn.) 2 vols 8vo, 12 50-

When Sold Separately, Vol. I, 86. Vol. II, 88.

Fuertes’s Water and Public Health 12mo.
Ftirman and Pardoe’s Manual of Practical Assaying. (Sixth Edition,

Revised and Enlarged.) 8vo,
* Getman’s Exercises in Physical Chemistry 12mo,
Gill’s Gas and Fuel Analysis for Engineers 12mo,
* Gooch and Browning’s Outlines of Qualitative Chemical Analysis.

Large 12mo,
Grotenfelt's Principles of Modem Dairy Practice. (Woll.) 12mo,
Groth’s Introduction to Chemical Crystallography (Marshall) 12mo,
Hammarsten's Text-book of Physiological Chemistry. (Mandel.) 8vo,
Hanausek’s Microscopy of Technical Products. (Winton.) ,..8vo,
* Haskins and Macleod’s Organic Chemistry. 12mo,
Hering's Ready Reference Tables (Conversion Factors)..., 16mo, mor.
* Herrick’s Denatured or Industrial Alcohol.. 8vo,
Hinds’s Inorganic Chemistry 8vo,

Laboratory Manual for Students 12mo,
* HoUeman's Laboratory Manual of Organic Chemistry for Beginners.

(Walker.) I2mo,
Text-book of Inorganic Chemistry. (Cooper.) 8vo,
Text-book of Organic Chemistry. (Walker and Mott.) 8vo,

* Holley’s Lead and Zinc Pigments Large 12mo,
Holley and Ladd’s Analysis of Mixed Paints, Color Pigments, and Varnishes.
. Large 12mo,
Hopkins’s Oil-chemists' Handbook 8vo,
Jackson’s Directions for Laboratory Work in Physiological Chemistry. .8vo,
Johnson's Rapid Methods for the Chemical Analysis of Special Steels, Steel-

making Alloys and Graphite Large 12mo,
Landauer’s Spectrum Analysis. (Tingle.) 8vo,
* Langworthy and Austen’s Occurrence of Aluminum in Vegetable Prod-

ucts, Animal Products, and Natural Waters. 8vo,
Lassar-(^ha’s Application of Some General Reactions to Investigations in

Organic Chemistry. (Tingle.) 12mo,
Leach’s Inspection and Analysis of Food with Special Reference to State

Control 8vo, 7 50
X^b’s Electrochemistry of Organic (impounds. (Lorenz.) 8vo, 3 00
Lodge’s Notes on Assaying and Metallurgical Laboratory Experiments..8vo, 3 00
Low’s Technical Method of Ore Analysis 8vo, 3 0(^

S3 00
3 00
1 60-

2 60
1 25.

3 00
1 00
1 50-

3 00
3 00
2 00 -

3 00
1 25
2 00
4 00-

3 00
4 00
1 25-

2 00-

1 60-

2 OO
5 00

1 60>

3 00'

2 00
1 25.

1 25
2 00
1 26.

4 00>

5 OO
2 00*

2 50>

4 00
3 00*

1 OO

1 00*

2 60»

2 50
3 00-

2 50*

3 00
1 26.

3 00-

3 00

2 00 <

1 00 -



Ixjwe’s Paint for Steel Structures 12mo, $1 00
Lunge’s Techno-chemical Analysis. (Cohn.) 12ino, 1 00
* McKay and Larsen’s Principles and Practice of Butter-making 8vo, ’ 1 50
Maire’s Modem Pigments and their Vehicles 12mo, 2 00
Mandel’s Handbook for Bio-chemical Laboratory 12mo, 1 50
* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe

12mo, 0 00
Mason’s Examination of Water. (Chemical and Bacteriological.) 12mo» 1 25

Water-supply. (Considered Principally from a Sanitary Standpoint.)
8vo, 4 00

* Mathewson’s First Principles of Chemical Theory 8vo, 1 00
Matthews’s Laboratory Manual of Dyeing and Textile Chemistry 8vo, 3 60

Textile Fibres. 2d Edition, Rewritten 8vo, 4 00
* Meyer’s Determination of Radicles in Carbon Compounds. (Tingle.)

Third Edition 12mo, 1 25
Miller’s Cyanide Process 12mo, 1 00

Manual of Assaying 12mo, 1 OO
Minet’s Production of Aluminum and its Industrial Use. (Waldo.). ..12mo, 2 50
* Mittelstaedt’s Technical Calculations for Sugar Works. (Bourbakis.) 12mo, 1 50
Mixter’s Elementary Text-book of Chemistry 12mo, 1 60
Morgan’s Elements of Physical Chemistry 12mo, 3 OO

Outline of the Theory of Solutions and its Results 12mo, 1 OO
* Physical Chemistry for Electrical Engineers 12mo, 1 50

Morse’s Calculations used in Cane-sugar Factories 16mo, mor. 1 60
* Muir’s History of Chemical Theories and Laws 8vo, 4 OO
Mulliken’s General Method for the Identification of Pure Organic Compounds.

Vol. I. Compounds of Carbon with Hydrogen and Oxygen. Large 8vo, 5 00
Vol. II. Nitrogenous Compounds. (In Preparation.)
Vol. III. The Commercial Dyestuffs Large 8vo, 6 OO

O’DriscoU’s Notes on the Treatment of Gold Ores 8vo, 2 OO
Ostwald’s Conversations on Chemistry. Part One. (Ramsey.) 12mo, 1 60

“ “ ** Part Two. (Turnbull.) 12mo, 2 00
Owen and Standage’s Dyeing and Cleaning of Textile Fabrics. 12mo, 2 OO
* Palmer’s Practical Test Book of Chemistry 12mo, 1 00
* Pauli’s Physical Chemistry in the Service of Medicine. (Fischer.) . . 12mo, 1 25
Penfield’s Tables of Minerals, Including the Use of Minerals and Statistics

of Domestic Production 8vo, 1 00
Pictet’s Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 6 00
Poole’s Calorific Power of Fuels 8vo, 3 00
Prescott and Winslow’s Elements of Water Bacteriology, with Special Refer-

ence to Sanitary Water Analysis 12mo, 1 60
* Reisig’s Guide to Piece-Dyeing. 8vo, 26 00
Richards and Woodman’s Air, Water, and Food from a Sanitary Stand-

point * .8vo. 2 00
Ricketts and Miller’s Notes on Assa3dng. 8vo, 3 00
Rideal’s Disinfection and the Preservation of Pood Svo, 4 00

Sewage and the Bacterial Purification of Sewage Svo, 4 00
Rigg’s Elementary Manual for the Chemical Laboratory Svo, 1 25
Robine and Lenglen’s Cyanide Industry. (Le Clerc.) Svo, 4 00
Ruddiman’s Incompatibilities in Prescriptions Svo, 2 00

Whys in Pharmacy 12mo, 1 00
* Ruer’s Elements of Metallography. (Mathewson.) Svo, 3 00
Sabin’s Industrial and Artistic Technology of Paint and Varnish Svo, 3 00
Salkowski’s Physiological and Pathological Chemistry. (Omdorff.), ....Svo, 2 50
Schimpfs Essentials of Volumetric Analysis 12mo, 1 25

Manual of Volumetric Analysis, (Fifth Edition, Rewritten) Svo, 6 00
* Qualitative Chemical Analysis. : Svo, 1 26

Seamon’s Manual for Assayers and Chemists. (In Press.)

Smith’s Lecture Notes on Chemistry for Dental Students Svo, 2 60
Spencer's Handbook for Cane Sugar Manufacturers 16mo, mor. 3 00

Handbook for Chemists of Bf^t-sugar Houses... 16mo, mor. 3 00
Stockbridge's Rocks and Soils Svo, 2 SO
Stone’s Practical Testing of Gas and Gas Meters .Svo, 3 60
*** Tillman’s Descriptive Genearal Chemistry, ^ . Swk 3 00

* Elementary Lesspns in Heat - ... * ; ,

.

.*.8^0', 1 60
Treadwell’s Qualitative Analyas, (Hall.) ^ . , ,

.

. .Svo, 3 00
Quantitative Analysis. (Hall.). .8vo, 4 00
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Tumeaureand Russell’s Public Water-supplies Svo, $5 00
Van Deventer’s Physical Chemistry for Beginners. (Boltwood.) 12mo, X 50
Venable’s Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 00
Ward and WTiipple’s Freshwater Biology. (In Press.)

Ware’s Beet-sugar Manufacture and Refining. Vol. I Svo, 4 00
“ “ Vol. II Svo, 5 00

Washing! o I’s Manual of the Chemical Analysis of Rocks Svo, 2 00
* Weaver’s Military Explosives Svo, 3 00
Wells’s Laboratory Guide in Qualitative Chemical Analysis .8yo, 1 50

Short Course in Inorganic Qualitative Chemical Analysis for Engineering

Students 12mo, 1 50
Text-book of Chemical Arithmetic * . 12mo, 1 25

Whipple’s Microscopy of Drinking-water. Svo, 3 50
Wilson’s Chlorination Process 12mo, 1 60

Cyanide Processes 12mo, 1 50
Winton’s Microscopy of Vegetables Food Svo, 1 50
Zsigmondy’s Colloids and the Ultramicroscope. (Alexander.). .Large 12mo, 3 00

CIVIL ENGINEERING.

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OP ENGINEER-

ING. RAILWAY ENGINEERING.

Baker’s Engineers’ Surveying Instruments 12mo, 3 00
Bixby’s Graphical Computing Table Paper 19i X 244 inches. 26
Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen-

tary Surveying Svo, 3 00
Vol, II. Higher Stirveying Svo, 2 60

* Burr’s Ancient and Modem Engineering and the Isthmian Canal Svo, 3 60
Comstock’s Field Astronomy for Engineers Svo, 2 60
*•* Corthell’s Allowable Pressure on Deep Foundations 12mo, 1 25
Crandall’s Text-book on Geodesy and Least Squares Svo, 3 00
Davis’s Elevation and Stadia Tables Svo, 1 00
Elliott’s Engineering for Land Drainage 12mo, 1 60

Practical Farm Drainage. (Second Edition Rewritten.) 12mo« I 60
* Fiebeger’s Treatise on Civil Engineering Svo, 5 00
Flemer’s Photographic Methods and Instruments Svo, 5 00
Folwell’s Sewerage. (Designing and Maintenance.) Svo, 3 00
Freitag's Architectural Engineering Svo, 3 60
Goodhue's Municipal Improvements 12mo, 1 60
^ Hauch and Rice’s Tables of Quantities for Preliminary Estimates. . . 12mo, 1 26
Hayford's Text-book of Geodetic Astronomy Svo, 3 00
Hering’s Ready Reference Tables (Conversion Factors.) 16mo, mor. 2 50
Hosmer’s Azimuth 16mo, mor. 1 00
Howe' Retaining Walls for Earth 12mo, 1 25
* Ives's Adjustments of the Engineer's Transit and Level 16mo, bds. 25
Johnson’s (J. B.) Theory and Practice of Surveying Large 12mo, 4 00
Johnson’s (L. J.) Statics by Algebraic and Graphic Methods Svo, 2 00
Kinnicutt, Winslow and Pratt’s Purification of Sewage. (In Preparation.)
* Mahan’s Descriptive Geometry Svo, 1 50
Merriman’s Elements of Precise Surveying and Geodesy Svo, 2 50
Merriman and ,Brooks’s Handbook for Surveyors 16mo, mor. 2 00
Nugent’s Plane Surveying. Svo, 3 50
Ogden’s Sewer Construction Svo, 3 00

Sewer Design 12mo, 2 00
Parsons’s Disposal of Municipal Refuse Svo, 2 00
Patton’s Treatise on Ci-vil Engineering, .Svo, half leather, 7 50
Reed’s Topographical Drawing and Sketching 4to, 6 00
Rideal’s Sewage and the Bacterial Purification of Sewage Svo, 4 00
Riemer’s Shaft-sinking under Difficult Conditions. (Coming and Peele.).Svo, 3 00
Siebert and Biggin's Modem Stone-cutting and Masoiny Svo, 1 SO
Smith's Manual of Topographicitl Drawing. (McMillan.) Svo, 2 60



Soper’s Air and Ventilation of Subways 12mo, 32 50
* Tracy’s Exercises in Surveying 12mo, mor. 1 00
Tracy’s Plane Surveying 16mo, mor. 3 00
* Trautwine’s Civil Engineer’s Pocket-book 16mo, mor. 5 00
Venable’s Garbage Crematories in America Svo, 2 00

Methods and Devices for Bacterial Treatment of Sewage Svo, 3 00
Wait’s Engineering and Architectural Jurisprudence Svo, 6 00

Sheep, 6 50
Law of Contracts Svo, 3 00
Law of Operations Preliminary to Construction in Engineering and

Architecture Svo, 5 00*

Sheep, 5 50
Warren’s Stereotomy—Problems in Stone-cutting Svo, 2 50’

* Waterbury’s Vest-Pocket Hand-book of Mathematics for Engineers.

2§X5f inches, mor. 1 00’

* Enlarged Edition, -Including Tables mor. 1 50-

Webb’s Problem’s in the Use and Adjustment of Engineering Instruments.
16mo, mor. 1 25-

Wilson’s Topographic Surveying Svo, 3 50

BRIDGES AND ROOFS.

Boiler’s Practical Treatise on the Construction of Iron Highway Bridges..Svo, 2 00
* Thames River Bridge Oblong paper, 6 00

Burr and Falk’s Design and Construction of Metallic Bridges Svo, 6 00
Influence Lines for Bridge and Roof Computations Svo, 3 00

Du Bois’s Mechanics of Engineering. Vol. II Small 4to, 10 00
Foster’s Treatise on Wooden Trestle Bridges 4to, 5 00
Fowler’s Ordinary Fopndations. Svo, 3 50
Greene’s Arches in Wood, Iron, and Stone Svo, 2 50

Bridge Trusses .Svo, 2 50
Roof Trusses. Svo, 1 26

Grimm’s Secondary Stresses in Bridge Trusses Svo, 2 50
Heller’s Stresses in Structures and the Accompanying Deformations.. . .Svo, 3 00
Howe’s Design of Simple Roof-trusses in Wood and Steel Svo. 2 00

Symmetrical Masonry Arches Svo, 2 50
Treatise on Arches .Svo, 4 00

* Jacoby’s Structural Details, or Elements of Design in Heavy Framing, Svo, 2 26
Johnson, Bryan and Tumeaure’s Theory and Practice in the Designing of

Modern Framed Structures Small 4to, 10 00
Merriman and Jacoby’s Text-book on Roofs and Bridges:

Part I. Stresses in Simple Trusses Svo, 2 60
Part II. Graphic Statics - . - .Svo, 2 50
Part III. Bridge Design Svo, 2 60
Part IV. Higher Structures Svo, 2 60

Morison’s Memphis Bridge Oblong 4to, 10 00
Sondericker’s Graphic Statics, with Applications to Trusses, Beams, and

Arches Svo, 2 00
Waddell’s De Pontibus, Pocket-book for Bridge Engineers 16mo, mor. 2 00

* Specifications for -Steel Bridges.. 12mo, 60
Waddell and Harringtoon’s Bridge Engineering. (In Preparation.)

Wright’s Designing of Draw-spans. ’IVo parts in one volume Svo, 3 60

HYDRAULICS.

Barnes’s Ice Formation Svo, 3 00
Bazin’s Experiments upon the Contraction of the Liquid Vein Issumg

anOiifioe. (Tratrtfwine.).. 2 00
Bovey’s Treatise on Hydrattlics .......... •C . .Li. .Svo, 6 OO
Church’s Diagrams of Mean Velocity, of Water in Open Channels..

,

. Svo, 2 00Hydraulic Motors,
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CofiEin’s Graphical Solution of HydrauUc Problems l6mo, mor. $2 50
Flatber’s Dynamometers, and the Measurement of Power. 12mo, 3 00
Folwell’s Water-supply Engineering Svo, 4 00
Prizell’s Water-power 8vo, 6 00
Fuertes’s Water and Public Health 12mo, 1 60

Water-filtration Works 12mo, 2 50
Ganguillet and Kutter's General Formula for the Uniform Plow of Water in

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 00
Hazen's Clean Water and How to Get It Large 12mo, 1 50

Filtration of Public Water-supplies .8vo, 3 00
Hazelhurst’s Towers and Tanks for Water-works 8vo, 2 50
Herschel’s 116 Experiments on the Carrying Capacity of Large, Riveted, Metal

Conduits 8vo, 2 00
Hoyt and Grover's River Discharge 8vo, 2 00
Hubbard and Kiersted's Water-works Management and Maintenance.

8vo. 4 00
* Lyndon’s Development and Electrical Distribution of Water Power.

8vo, 3 00
Mason’s Water-supply. (Considered Principally from a Sanitary Stand-

point.) 8vo, 4 00
Merriman’s Treatise on Hydraulics 8vo, 5 00
* Molitor’s Hydraulics of Rivers, Weirs and Sluices 8vo, 2 00
* Richards’s Laboratory Notes on Industrial Water Analysis 8vo, 50
Schuyler’s Reservoirs for Irrigation, Water-power, and Domestic Water-

supply. Second Edition, Revised and Enlarged Large 8vo, 6 00
Thomas and Watt’s Improvement of Rivers .4to, 6 00

Tumeaure and Russell’s Public Water-supplies. 8vo, 5 00
Wegmann’s Design and Construction of Dams. 5th Ed., enlarged 4to, 6 00

Water-Supply of the City of New York from 1668 to 1895 4to, 10 00
Whipple’s Value of Pure Water. Large 12mo, 1 00
Williams and Hazen’s Hydraulic Tables 8vo, 1 50
Wilson’s Irrigation Engineering 8vo, 4 00
Wood’s Turbines 8vo, 2 50

MATERIALS OF ENGINEERING.

Baker’s Roads and Pavements 8vo,
Treatise on Masonry Construction 8vo,

Black's United States Public Works Oblong 4to,
Blanchard’s Bituminous Roads. (In Press.)

Bleininger’s Manufacture of Hydraulic Cement. (In Preparation.)
* Bovey’s Strength of Materials and Theory of Structures 8vo,
Burr’s Elasticity and Resistance of the Materials of Engineering. Svo,
Byrne's Highway Construction 8vo,

Inspection of the Materials and Workmanship Employed in Construction.
16mo,

Church’s Mechanics of Engineering Svo,
Du Bois’s Mechanics of Engineering.

Vol. I. Kinematics, Statics, Kinetics. Small 4to,
Vol. II. The Stresses in Framed Structures, Strength of Materials and

Theory of Flexures Small 4to,
* Eckel’s Cements, Limes, and Plasters. Svo,

Stone and Clay Products used in Engineering. (In Preparation.)
Fowler’s Ordinary Foundations 8vo,
‘Greene’s Structural Mechanics Svo,
* Holley’s Lead and Zinc Pigments .Large 12mo,
Holley and Ladd’s Analysis of Mixed Paints, Color Pigments and Varnishes.

Large 12mo,
Hubbard’s Dust Preventives and Road Binders. (In Preparation.)
Johnson’s (C. M.) RapidMethodsfortheChemical Analysis of Special Steels,

Steel-making Alloys and Graphite Large 12mo,
Johnson's (J. B.) Materials of Construction. .Large Svo,
Keep’s Cast Iron. Svo,
Lanza’s Applied Mechanics Svo,
Lowe’s Paint for Steel Structures I2mo,

6 00
5 00
6 00

7 SO
7 50
5 00

3 00
6 00

7 60

10 00
6 00

3 50
2 60
3 00

2 60

3 00
6 00
2 50
7 50
1 00
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Maire’s Modem Pigments and their Vehicles 12mo,
Martens’s Handbook on Testing Materials. (Henning.) 2 vols 8vo,
Maurer’s Technical Mechanics gvo,
MerriU’s Stones for Building and Decoration Svo,
JMeniman’s Mechanics of Materials gvo,

* Strength of Materials X2mo,
Metcalf’s Steel. A Manual for Steel-users 12xno,
Morrison’s Highway Engineering. gvo,
Patton’s Practical Treatise on Foundations gvo.
Fice’s Concrete Block Manufacture gvo,
JEUchardson’s Modem Asphalt Pavements gvo,
Pichey’s Building Foreman’s Pocket Book and Ready Reference.16mo,mor.

* Cement "Workers’ and Plasterers’ Edition (Building Mechanics’ Ready
Reference Series) 16mo, mor.

Handbook for Superintendents of Construction 16mo, mor.
* Stone and Brick Masons’ Edition (Building Mechanics’ Ready

Reference Series) 16mo, mor.
* Ries’s Clays: Their Occurrence, Properties, and Uses gvo,
* Ries and Leighton’s History of the Clay-working Industry of the United

States gvo.
.Sabin’s Industrial and Artistic Technology of Paint and Varnish gvo,
* Smith’s Strength of Material 12mo
Snow’s Principal Species of Wood gvo,
-Spalding’s Hydraulic Cement 12mo,

Text-book on Roads and Pavements 12mo,
Taylor and Thompson’s Treatise on Concrete, Plain and Reinforced gvo,
Thurston’s Materials of Engineering. In Three Parts gvo,

Part I. Non-metallic Materials of Engineering and Metallurgy. . . .Svo,
Part II. Iron and Steel gvo,
Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents gvo,
TUlson’s Street Pavements and Paving Materials gvo,
* Trautwine’s Concrete, Plain and Reinforced 16mo,
Tumeaure and Maurer’s Principles of Reinforced Concrete Construction.

Second Edition, Revised and Enlarged Svo,
Waterbury’s Cement Laboratory Manual 12mo,
Wood’s (De V.) Treatise on the Resistance of Materials, and an Appendix on

the Preservation of Timber gvo,
Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and

Steel .Svo,

RAILWAY ENGINEERING.

Andrews’s Handbook for Street Railway Engineers 3X5 inches, mor, 1 25
Berg’s Buildings and Structures of American Railroads. 4to, 5 00
Brooks’s Handbook of Street Railroad Location. 16mo, mor, 1 50
Butts's Civil Engineer's Field-book 16mo, mor, 2 60
Urandall’s Railway and Other Earthwork Tables gvo, 1 60

Transition Curve 16mo, mor. 1 50
^ Crockett’s Methods for Earthwork Computations. gvo, J 60
Dredge’s History of the Pennsylvania Railroad. (Ig79) Papei 5 00
Fisher’s Table of Cubic Yards Cardboard, 25
Oodwin's Railroad Engineers’ Field-book and Explorers’ Guide. . 16mo, mor. 2 60
Hudson’s Tables for Calculating the Cubic Contents of Excavations and Em-

bankments Svo, 1 00
Ives and Hilts’s Problems in Surveying, Railroad Surveying and Geodesy

l6mo, mor. 1 60
MoUtor and Beard’s Manual for Resident Engines lOmo, 1 00
Nagle’s Field Manual for Railroad Engineers 16mo, mor. 3 00

Orrook’s Railroad Structures and Estimates. .gvo, 3 00
Philbrick^s Field Manual for Enginews 16mo. mor. 3 00
Raymond’s Railroad Engineering. 3 volumes.

Vol. I. Railroad Field Geometry. (In Preparation.>

VoL 11. Elem«xts of Railroad Engineering .gvo, 3 60
Vol. 1X1. Railroad Engmeer’s Field Book, Bx^^^axariou.)
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Searles’s Field Engineering 16mo, mor. >$3 00
Railroad Spiral 16mo, mor. 1 50

Taylor’s Prismoidal Formulae and Earthwork 8vo, 1 50
^ Trautw'ne’s Field Practice of Laying Out Circular Curves for Railroads.

12mo, mor. 2 50
* Method of Calculating the Cubic Contents of Excavations and Em-

bankments by the Aid of Diagrams 8vo, 2 00
Webb’s Economics of Railroad Construction Large 12mo, 2 50

Railroad Construction 16mo, mor. 5 00
Wellington’s Economic Theory of the Location of Railways Large 12mo, 5 00
Wilson’s Elements of Railroad-Track and Construction 12mo, 2 00

DRAWING.

Barr’s Kinematics of Machinery. - 8vo, 2 50
* Bartlett’s Mechanical Drawing 8vo, 3 00
^ “ “ “ Abridged Ed 8vo, 1 50
Coolidge’s Manual of Drawing. 8vo, paper, 1 00
Coolidge and Freeman’s Elements of General Drafting for Mechanical Engi-

neers Oblong 4to, 2 50
Durley’s Kinematics of Machines 8vo, 4 00
Emch’s Introduction to Projective Geometry and its Application 8vo, 2 50
French and Ives’ Stereotomy 8vo, 2 50
Hill’s Text-book on Shades and Shadows, and Perspective 8vo, 2 00
Jamison’s Advanced Mechanical Drawing. 8vo, 2 00

Elements of Mechanical Drawing 8vo, 2 50
Jones’s Machine Design:

Part 1. Kinematics of Machinery. 8vo, 1 50
Part 11. Form, Strength, and Proportions of Parts 8vo, 3 00

Kimball and Barr’s Machine Design 8vo, 3 00
MacCord’s Elements of Descritpive Geometry 8vo, 3 00

Kinematics; or, Practical Mechanism 8vo, 5 00
Mechanical Drawing 4to, 4 00
Velocity Diagrams .8vo, 1 50

McLeod’s Descriptive Geometry Large 12mo, 1 50
* Mahan’s Descriptive Geometry and Stone-cutting 8vo, 1 60

Industrial Drawing. (Thompson.) 8vo, 3 50
Moyer’s Descriptive Geometry 8vo, 2 00
Reed’s Topographical Drawing and Sketching. 4to, 5 00
Reid's Course in Mechanical Drawing 8vo, 2 00

Text-book of Mechanical Drawing and Elementary Machine Design. .8vo, 3 00
Robinson’s Principles of Mechanism, 8vo, 3 OO
Schwamb and Merrill’s Elements of Mechanism 8vo, 3 00
Smith (A. W.) and Marx’s Machine Design 8vo, 3 00
Smith’s (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 2 50
* Titsworth’s Elements of Mechanical Drawing* Oblong 8vo, 1 25
Warren’s Drafting Instruments and Operations. 12mo, 1 25

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 3 50
Elements of Machine Construction and Drawing Svo, 7 50
Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, 1 00
General Problems of Shades and Shadows Svo, 3 00
Manual of Elementary Problems in the Linear Perspective of Forms and

Shadow 12mo, 1 00
Manual of Elementary Projection Drawing. 12mo, I 60
Plane Problems in Elementary Geometry l2mo, 1 26
Problems, Theorems, and Examples in Descriptive Geometry Svo, 2 50

Weisbach’s Kinematics and Power of Transmission. (Hermann and
Klein.) 8vo, 5 00

Wilson’s (H. M.) Topographic Survesring. * .8vo, 3 50
* Wilson’s (V. T.) Descriptive Geometry. Svo, 1 60

Free-hand Lettering Svo, 1 00
Free-hand Perspective Svo, 2 60

Woolf’s Elementary Course in Descriptive Geometry Large Svo, 3 OO
10



ELECTRICITY AND PHYSICS.

* Abegg’s Theory of Electrolytic Dissociation, (von Ende.) 12ino, $1 25
Andrews’s Hand-book for Street Railway Engineering 3X6 inches, mor. 1 26-

Anthony and Brackett’s Text-book of Physics. (Magie.) ... .Large 12nio, 3 00*

Anthony and Ball’s Lecture-notes on the Theory of Electrical Measure-
ments 12mo, 1 00

Benjamin’s History of Electricity 8vo, 3 00
Voltaic Cell 8vo, 3 00'

Betts’s Lead Refining and Electrolysis 8vo, 4 00
Classen’s Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00
* Collins’s Manual of Wireless Telegraphy and Telephony 12mo, 1 50
Crehore and Squier’s Polarizing Photo-chronograph 8vo, 3 00
* Danneel’s Electrochemistry. (Merriam.) 12mo, 1 25
Dawson’s “Engineering” and Electric Traction Pocket-book. . . ,16mo, mor. 6 00
Dolezalek’s Theory of the Lead Accumulator (Storage Battery), (von Ende.)

12mo, 2 60
Duhem’s Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00
Plather’s Dynamometers, and the Measurement of Power 12mo, 3 00
Getman’s Introduction to Physical Science 12mo, 1 50
Gilbert’s De Magnete. (Mottelay ) Svo, 2 50
* Hanchett’s Alternating Currents 12mo, 1 00
Hering’s Ready Reference Tables (Conversion Factors) 16mo, mor, 2 60‘

* Hobart and Ellis’s High-speed Dynamo Electric Machinery Svo, 6 00
Holman’s Precision of Measurements. Svo, 2 00'

Telescopic Mirror-scale Method, Adjustments, and Tests Large Svo, 75
* Karapetoff’s Experimental Electrical Engineering Svo, 6 00'

Kinzbrunner’s Testing of Continuous-current Machines Svo, 2 00
Landauer’s Spectrum Analysis. (Tingle,) Svo, 3 00
Lre Chatelier’s High-temperature Measurements. (Boudouard—Burgess.) 12mo, 3 00
Lfib's Electrochemistry of Organic Compounds. (Lorenz.).. Svo, 3 00
* Lyndon’s Development and Electrical Distribution of Water Power. ,8vo, 3 00
* Lyons’s Treatise on Electromagnetic Phenomena. Vols, I .and II. Svo, each, 6 OO
* Michie’s Elements of Wave Motion Relating to Sound and Light Svo, 4 OO
Morgan’s Outline of the Theory of Solution and its Results 12mo, 1 00

* Physical Chemistry for Electrical Engineers. 12mo, 1 60
* Norris’s Introduction to the Study of Electrical Engineering Svo, 2 50
Norris and Dennison’s Course of Problems on the Electrical Characteristics of

Circuits and Machines. (In Press.)
* Parshall and Hobart's Electric Machine Design 4to, half mor, 12 50‘

Reagan’s Locomotives: Simple, Compound, and Electric. New Edition.
Large 12mo, 3 60

* Rosenberg’s Electrical Engineering. (Haldane Gee—^Kinzbrunner.) . , Svo, 2 00
Ryan, Norris, and Hoxie’s Electrical Machinery. Vol. I Svo, 2 50
Schapper's Laboratory Guide for Students in Physical Chemistry 12mo. 1 00*

* Tillman’s Elementary Lessons in Heat Svo, 1 50'

Tory and Pitcher’s Manual of Laboratory Physics Large 12mo, 2 00
Dike’s Modem Electrolytic Copper Refining, * Svo, 3 OO

LAW.

* Brennan’s Hand-book of Useful Legal Information for Business Men.
16mo, mor. 6 00

* Davis's Elements of Law 8vo, 2 60
* Treatise on the Military Law of Upited States. .Svo, 7-00

* Dudley’s Military Law and the Procedure of Courts-martial, .Large 12mP, 2 -50

Manual for Courts-martial. — ....... 16itritO,‘msor.^' 1 50
Wait’s Engineering and Architectural Jurisprudence, i ' 6 00'

Sh^e^, 6 50
Law of Contracts. ; . , .Tl ^ . 1 1 3 00
Law of Operations Preliminary to ^

Architecture* ••;•*••,• i i .'i 5 00

m



MATHEMATICS,

Baker’s Elliptic Pimctions 8vo,

Briggs’s Elements of Plane Analytic Geometry. (Bdclxer.) 12mo,
^ Buchanan’s Plane and Spherical Trigonometry 8vo,

Byerley’s Harmonic Functions 8vo,

Chandler’s Elements of the Infinitesimal Calculus 12mo,
* CofiSn's Vector Analysis 12mo,
Compton’s Manual of Logarithmic Computations 12mo,
* Dickson’s College Algebra Large 12mo,

* Introduction to the Theory of Algebraic Equations Large 12mo,
Emch’s Introduction to Projective Geometry and its Application 8vo,

Piske’s Functions of a Complex Variable 8vo,

Halsted's Elementary Synthetic Geometry 8vo,

Elements of Geometry 8vo,
* Rational Geometry 12mo,
Synthetic Projective Geometry 8vo,

Hyde's Grassmann's Space Analysis 8vo,

* Johnson’s (J. B.) Three-place Logarithmic Tables: Vest-pocket size* paper,
* 100 copies,

* Mounted on heavy cardboard, 8 X 10 inches,
* 10 copies,

Johnson’s (W. W.) Abridged Editions of Differential and Integral Calculus.

Large 12mo, 1 vol.

Curve Tracing in Cartesian Co-ordinates. 12mo,
Differential Equations 8vo,

Elementary Treatise on Differential Calculus Large 12mo,
Elementary Treatise on the Integral Calculus Large 12mo,
Theoretical Mechanics 12mo,

, Theory of Errors and the Method of Least Squares 12mo,
Treatise on Differential Calculus Large 12mo,
Treatise on the Integral Calculus Large 12mo,
Treatise on Ordinary and Partial Differential Equations. . .Large 12mo,

Earapetoff’s Engineering Applications of Higher Mathematics.
(In Preparation.)

Laplace’s Philosophical Essay on Probabilities. (Truscott and Emory.) . l2mo,
* Ludlow and Bass’s Elements of Trigonometry and Logarithmic and Other

Tables 8vo,
* Trigonometry and Tables published separately Each,

* Ludlow's Logarithmic and Trigonometric Tables 8vo,
Macfarlane's Vector Analysis and Quaternions 8vo,
McMahon’s Hyperbolic Functions 8vo,
Manning’s Irrational Numbers and their Representation by Sequences and

Series I2mo,
Mathematical Monographs. Edited by Mansfield Merriman and Robert

S. Woodward Octavo, each
No. 1, History of Modem Mathematics, by David Eugene Smith.
No. 2, Synthetic Projective Geometry, by George Bruce Halsted.
No. 3. Determinants, by Laenas Gi^ord Weld. No. 4. Hyper-
bolic Functions, by James McMahon. No. 5. Harmonic Pac-
tions, by William E. Byerly. No. 6. Grassmann’s Space Analysis,
by Edward W. Hyde. No. 7. Probability and Theory of Errors,
by Robert S. Woodward, No. 8. Vector Analysis and Quaternions,
by Alexander Macfarlane. No. 9. Differential Equations, by
William Woolsey Johnson. No. 10. The Solution of Equations,
by Mansfield Merriman. No, 11. Functions of a Complex Variable,
by Thomas S. Fiske.

Maurer’s Technical Mechanics * .8vo,
Merriman’s Method of Least Squares 8vo,

Solution of Equations 8vo,
Rice and Johnson’s Differential and Integral Calculus. 2 vols. in one.

Large 12mo,
Elementary Treatise on the Differential Calculus Large 12mo,

Smith’s History of Modem Mathematics .8vo,
* Veblen and Lennes’s Introduction to the Real Infinitesimal Analysis of One

Variable .Svo,

81 50
1 00
1 00
1 00
2 00
2 50
1 50
1 50
1 25
2 50
1 00
1 50
1 75
1 50
1 00
1 00

15
5 00
25

2 00

2 60
1 00
1 00
1 50
1 50
3 00
1 50
3 00
3 00
3 50

2 00

3 00
2 00
1 00
1 00
1 00

1 25

1 00

4 00
2 00
1 00

1 60
3 00
1 00

2 00
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Waterbury’s Vest Pocket Hand-book of Mathematics for Engineers.
21 X 51 inches, mor. SI 00

* Enlarged Edition, Including Tables mor. 1 50
Weld’s Determinants 8vo, 1 00
Wood’s Elements of Co-ordinate Geometry 8vo, 2 00
Woodward’s Probability and Theory of Errors 8vo, 1 00

MECHANICAL ENGINEERING.

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS.

Bacon’s Forge Practice 12mo, 1 50
Baldwin’s Steam Heating for Buildings 12mo, 2 50
Barr’s Kinematics of Machinery 8vo, 2 50
* Bartlett’s Mechanical Drawing 8vo, 3 00
* “ “ “ Abridged Ed 8vo, 1 60
* Burr’s Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 60
•Carpenter’s Experimental Engineering 8vo, 6 00

Heating and Ventilating Buildings 8vo, 4 00
•Clerk’s Gas and Oil Engine. (New edition in press.)

'Compton’s First Lessons in Metal Working 12mo, 1 60
Compton and De Groodt’s Speed Lathe 12mo, 1 50
'Coolidge’s Manual of Drawing 8vo, paper, 1 00
Coolidge and Freeman’s Elements of Geenral Drafting for Mechanical En-

gineers Oblong 4to, 2 60
Cromwell’s Treatise on Belts and Pulleys 12mo, 1 60

Treatise on Toothed Gearing. 12mo, 1 50
Dingey’s Machinery Pattern Making. 12mo, 2 00
Burley’s Kinematics of Machines. 8vo, 4 00
Flanders’s Gear-cutting Machinery - Large 12mo, 3 00
Flather’s Dynamometers and the Measurement of Power 12mo, 3 00

Rope Driving 12mo. 2 00
Gill’s Gas and Fuel Analysis for Engineers 12mo, 1 25
•Goss’s Locomotive Sparks. 8vo, 2 00
'Greene’s Pumping Machinery. (In Preparation.)
Hering’s Ready Reference Tables (Conversion Factors) 16mo, mor. 2 50
* Hobart and Ellis’s High Speed Dynamo Electric Machinery 8vo, 6 00
Hutton’s Gas Engine 8vo, 5 00
Jamison’s Advanced Mechanical Drawing. 8vo, 2 00

Elements of Mechanical Drawing .8vo, 2 50
Jones’s Gas Engine . 8vo, 4 00

Machine Design

:

Part I, Kinematics of Machinery. 8vo, 1 60
Part II. Form, Strength, and Proportions of Parts 8vo, 3 00

Kent’s Mechanical Engineer’s Pocket-Book 16mo, mor. 5 00
Kerr’s Power and Power Transmission 8vo, 2 00
Kimball and Barr’s Machine Design 8vo, 3 00
* Levin’s Gas Engine 8vo, 4 00
Leonard’s Machine Shop Tools and Methods. 8vo, 4 00

IrfOrenz’s Modem Refrigerating Machinery. (Pope, Haven, and Dean).. 8vo, 4 00
MacCord’s Kinematics; or, Practical Mechanism 8vo, 5 00

Mechanical Drawing. 4to, 4 00
Velocity Diagrams 8vo, 1 60

MacFarland’s Standard Reduction Factors for Gases 8vo, 1 50
Mahan’s Industrial Drawing. (’Thompson.) 8vo, 3 60
Mehrtens’s Gas Engine Theory and Design.. Large 12mo, 2 50
Oberg’s Handbook of Small Tools Large 12mo. 3 00
^ Parshall and Hobart’s Electric Machine DeMgn* SmaU 4to, half leather. 12 50
Peele’s Compressed Air Plant for Mines 8yo, 3 00
Poole’s Calorific Power of Fuals -Svo, 3 00
* Porter’s Engineering Rexnmiscences, 1855 to 18^. . . C .......

.

.8vo, 3 00
Reid’s Course in Mechanical Drawing. li . . J8yo, '2 00

Text-book of Mechanical Drawing and EtementaiT Mt^c^oiind De^gn.Svo, 3 00
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Richards’s Compressed Air 12mo, $1 60
Robinson’s Principles o£ Mechanism 8vo, 3 00
Schwamb and MerriH’s Elements of Mechanism 8vo, 3 00
Smith (A. W.) and Marx’s Machine Design 8vo» 3 00
Smith’s (O.) Press-working of Metals 8vo, 3 00
Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and

Preston.) Large 12mo, 3 00
Stone’s Practical Testing of Gas and Gas Meters 8vo, 3 50
Thurston’s Animal as a Machine and Prime Motor, and the Laws of Energetics.

12mo, 1 00
Treatise on Friction and Lost Work in Machinery and Mill Work. . . 8vo, 3 00

* Tillson’s Complete Automobile Instructor 16mo, 1 50
* Titsworth’s Elements of Mechanical Drawing Oblong 8vo, 1 25
Warren’s Elements of Machine Construction and Drawing Svo, 7 50
* Waterbury’s Vest Pocket Hand-book of Mathematics for Engineers.

25 X5|- inches, mor. 1 00’

* Enlarged Edition, Including Tables mor. 1 50
Weisbach’s Kinematics and the Power of Transmission. (Herrmann

—

Klein.) Svo. 5 00
Machinery of Transmission and Governors. (Hermann—Klein.) . .8vo, 5 00

Wood’s Turbines Svo, 2 50

MATERIALS OF ENGINEERING.

* Bovey’s Strength of Materials and Theory of Structures Svo,
Burr’s Elasticity and Resistance of the Materials of Engineering Svo,
Church’s Mechanics of Engineering Svo,
* Greene’s Structural Mechanics Svo,
* Holley’s Lead and Zinc Pigments Large 12mo
Holley and Ladd’s Analysis of Mixed Paints, Color Pigments, and Varnishes.

Large 12mo,
Johnson’s (C. M.) Rapid Methods for the Chemical Analysis of Special

Steels, Steel-Making Alloys and Graphite Large 12mo,
Johnson’s (J. B.) Materials of Construction Svo,
Keep’s Cast Iron Svo,
Lanza’s Applied Mechanics. . Svo,
Maire’s Modem Pigments and their Vehicles 12mo,
Maurer's Techincal Mechanics Svo,
Merriman’s Mechanics of Materials Svo,

* Strength of Materials 12mo,
Metcalf’s Steel. A Manual for Steel-users 12mo,
Sabin’s Industrial and Artistic Technology of Paint and Varnish Svo,
Smith’s ((A. W.) Materials of Machines 12mo,
* Smith’s (H. E.) Strength of Material 12mo,
Thurston’s Materials of Engineering .3 vols., Svo,

Part I. Non-metallic Materials of Engineering, Svo,
Part II. Iron and Steel Svo,
Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents Svo,
Wood’s (De V.) Elements of Analytical Mechanics Svo,

Treatise on the Resistance of Materials and an Appendix on the
Preservation of Timber. Svo,

Wood’s (M. P.) Rustless Coatings: Cofrosion and Electrolysis of Iron and
Steel. Svo,

7 60
7 60
6 OO
2 50
3 OO

2 50

3 00
6 00
2 50
7 '50

2 00
4 OO
6 00
1 00
2 00
3 00
X 00
1 25
8 00
2 00
3 50

2 60
3 00

2 00

4 00

STEAM-ENGINES AND BOILERS.

Berry’s Temperature-entropy Diagram, 12mo, 2 00
Carnot’s Reflections on the Motive Power of Heat, (Thurston.) 12mo, 1 60
Chase’s Art of Pattern Making. 12mo, 2 60

14



Creighton’s Steam-engine and other Heat Motors .8vo, $5 00
Dawson’s “Engineering” and Electric Traction Pocket-book. .16mo, mor. 5 00
Ford’s Boiler Making for Boiler Makers 18mo, 1 00
* Gebhardt’s Steam Power Plant Engineering 8vo, 6 00
Goss's Locomotive Performance 8vo, 5 00
Hemenway’s Indicator Practice and Steam-engine Economy 12mo, 2 00
Hutton’s Heat and Heat-engines 8vo, 5 00

Mechanical Engineering of Power Plants 8vo, 6 00
Kent’s Steam boiler Economy 8vo, 4 00
Kneass’s Practice and Theory of the Injector 8vo, 1 50
MacCord's Slide-valves 8vo, 2 00
Meyer’s Modem Locomotive Construction 4to, 10 00
Moyer’s Steam Turbine 8vo, 4 00
Peabody’s Manual of the Steam-engine Indicator 12mo, 1 60

Tables of the Properties of Steam and Other Vapors and Temperature-
Entropy Table 8vo, 1 00

Thermodynamics of the Steam-engine and Other Heat-engines. . . . 8vo, 6 00
Valve-gears for Steam-engines 8vo, 2 50

Peabody and Miller’s Steam-boilers 8vo, 4 00
Pupin’s Thermodynamics of Reversible Cycles in Gases and Saturated Vapors.

(Osterberg.) 12mo, 1 25
Reagan’s Locomotives: Simple, Compound, and Electric. New Edition.

Large 12mo, 3 50
Sinclair’s Locomotive Engine Running and Management 12mo, 2 00
Smart’s Handbook of Engineering Laboratory Practice 12mo, 2 60
Snow’s Steam-boiler Practice 8vo, 3 00
Spangler’s Notes on Thermodynamics 12mo, 1 00

Valve-gears 8vo, 2 60
Spangler, Greene, and Marshall’s Elements of Steam-engineering 8vo, 3 00
Tliomas’s Steam-turbines 8vo, 4 00
Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi-

cator and the Prony Brake 8vo, 5 00
Handy Tables 8vo, 1 50
Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, 5 00
Manual of the Steam-engine... 2vols., 8vo, 10 00

Part I. History, Structure, and Theory 8vo, 6 00
Part II. Design, Construction, and Operation 8vo, 6 00

Wehrenfenning’s Analysis and Softening of Boiler Feed-water. (Patterson.

)

8vo, 4 00
Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00
Whitham’s Steam-engine Design 8vo, 6 00
Wood’s Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 00

MECHANICS PURE AND APPLIED.

Church’s Mechanics of Engineering. . . 8vo, 6 00
Notes and Examples in Mechanics 8vo, 2 00

Dana’s Text-book of Elementary Mechanics for Colleges and Schools .12mo, 1 60
Du Bois’a Elementary Principles of Mechanics:

Vol. I. Kinematics 8vo, 3 60
Vol. n. Statics Svo, 4 00

Mechanics of Eagin(Mring. Vol. I Small 4to, 7 60
Vol. II Small 4to, 10 00

* Greene’s Structural Mechanics .^ .8yo, 2 60
James’s Kinematics of a Point and the Rational Mechanics of a Particle.

Large 12mo, 2 OQ
* Johnson’s (W. W.) Theoretical Mechanics. . , , S 00
Lanza's Applied Mechanics. ^ / 41^0, 7 60
*•* Martin's Text Book coi Mechanics, Vol. I, Statics.

-

.lLlh<^o, . 1 25
# VoL JL

' 1 60
Maurer’s Technical Mechanics, - : . J . L

'
. , . .8?v6, 4 00

* Merriman's Elements Of Mechanics. . . j ^ I . . .

.

12mo, 1 00
Mechanics of Materials. - . • ^ ll Svo, 6 00
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** Michie's Elements of Analytical Mechanics 8vo,

Robinson’s Principles of Mechanism 8vo,

Sanborn’s Mechanics Problems Large 12mo,
Schwamb and Menill’s Elements of Mechanism 8vo.

Wood’s Elements of Analytical Mechanics 8vo,

Principles of Elementary Mechanics 12mo,

MEDICAL.

* Abderhalden’s Physiological Chemistry in Thirty Lectures. (Hall and
Defren.) 8vo,

von Behring’s Suppression of Tuberculosis. (Bolduan.) 12mo,
Bolduan’s Immune Sera 12mo,
Bordet’s Studies in Immunity. (Gay.) 8vo,

Davenport’s Statistical Methods with Special Reference to Biological Varia-

tions 16mo, mor.
Ehrlich’s Collected Studies on Immunity. (Bolduan.) 8vo,
* Fischer’s Physiology of Alimentation Large I2mo,
de Pursac’s Manual of Psychiatry. (Rosanoff and Collins.).. . .Large 12mo,
Hammarsten’s Text-book on Physiological Chemistry. (Mandel.) 8vo,

Jackson’s Directions for Laboratory Work in Physiological Chemistry. .8vo,

Lassar-Cohn’s Practical Urinary Analysis. (Lorenz.) 12mo,
Mandel’s Hand-book for the Bio-Chemical Laboratory 12mo,
* Pauli’s Physical Chemistry in the Service of Medicine. (Fischer.) ..12mo,
* Pozzi-Escot’s Toxins and Venoms and their Antibodies. (Cohn,). . 12mo,
Rostoski’s Serum Diagnosis. (Bolduan.) 12mo,
Ruddiman’s Incompatibilities in Prescriptions 8vo,

Whys in Pharmacy 12mo,
Salkows^’s Physiological and Pathological Chemistry. (Omdorff.) .. ..8vo,

Satterlee’s Outlines of Human Embryology 12mo,
Smith’s Lecture Notes on Chemistry for Dental Students 8vo,
* Whipple's Tyhpoid Fever. Large 12mo,
* Woodhull’s Military Hygiene for Officers of the Line Large 12mo,

* Personal Hygiene 12mo,
Worcester and Atkinson’s Small Hospitals Establishment and Maintenance,

and Suggestions for Hospital Architecture, with Plans for a Small
Hospital 12mo,

METALLURGY.

Betts’s Lead Refining by Electrolysis. 8vo,
Bolland’s Encyclopedia of Pounding and Dictionary of Foundry Terms used

in the Practice of Moulding. 12mo,
Iron Founder 12mo,

“ Supplement 12mo,
Douglas’s Untechnical Addresses on Technical Subjects 12mo,
Goesel's Minerals and Metals: A Reference Book 16mo. mor.
* Iles’s Lead-smelting. 12mo,
Johnson’s Rapid Methods for the Chemical Analysis of Special Steels,

Steel-making Alloys and Graphite Large 12mo,
Keep’s Cast Iron 8vo,
LfC Chatelier's High-temperature Measurements. (Boudouard—Burgess.)

12mo,
Metcalf’s Steel, A Manual for Steel-users 12mo.
Minet’s Production of Aluminum and its Industrial Use. (Waldo.). . X2mo,
* Ruer’s Elements of Metallography. (Mathewson.) 8vo,
Smith’s Materials of Machines l2mo,
Tate and Stone’s Foundry Practice 12mo.
Thurston’s Materials of Engineering. In Three Parts 8vo,

Part I. Non-metallic Materials of Engineering, see Civil Engineering,
page 9.

Fart II. Iron and Steel 8vo,
Fart III. A Treatise on Brasses, Bronzes, and Other Alloys and their

Constituents .8vo,

$4 00
3 00
1 50
3 00
3 00
1 25

5 00
1 00
1 50
6 00 -

1 50
6 00
2 00
2 50
4 00
1 25-

1 00
1 50
1 25
1 OO
1 00
2 00
1 OO
2 60
1 25
2 60
3 00
1 50
1 00

I 25

4 00

3 00
2 50
2 50
1 00
3 00
2 50

3 00
2 50

3 00
2 00
2 60
3 00
1 00
2 00
8 00

3 60

2 50
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Ulke’s Modem Electrolytic Copper Refining gvo, S3 00
West’s American Foundry Practice 12ino! 2 50

Moulders’ Text Book 12mo! 2 50

MINERALOGY.

Baskerville’s Chemical Elements. (In Preparation.)
* Browning’s Introduction to the Rarer Elements 8vo, 1 50
Bmsh’s Manual of Determinative Mineralogy. (Penfield.) 8vo, 4 00'
Butler’s Pocket Hand-book of Minerals 16mo, mor. 3 00-

Chester’s Catalogue of Minerals 8vo, paper, 1 00
Cloth, I 25

* Crane’s Gold and Silver 8vo, 5 00
Dana’s First Appendix to Dana’s New “System of Mineralogy’’ . .Large 8vo, 1 00
Dana's Second Appendix to Dana’s New “System of Mineralogy.’’

Large Svo.
Manual of Mineralogy and Petrography. 12mo, 2 00
Minerals and How to Study Them 12mo, I 50
System of Mineralogy Large Svo, half leather, 12 60
Text-book of Mineralogy 8vo, 4 00

Douglas’s Untechnical Addresses on Technical Subjects 12mo, 1 00
Eakle’s Mineral Tables 8vo, 1 25
Eckel’s Stone and Clay Products Used in Engineering. (In Preparation.)
Qoesel’s Minerals and Metals: A Reference Book 16xno, mor. 3 OO
Groth’s Introduction to Chemical Crystallography (Marshall) 12mo, 1 25
* Hayes’s Handbook for Field Geologists i6mo, mor. 1 60“

Iddings’s Igneous Rocks gvo, 5 00-

Rock Minerals 8vo, 5 00*

Johannsen’s Determination of Rock-forming Minerals in Thin Sections. Svo,
With Thumb Index 5 00

* Martin’s Laboratory Guide to Qualitative Analysis with the Blow- 1 60
pipe 12mo, 60

Merrill’s Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 OO
Stones for Building and Decoration 8vo, 5 OO

* Penfield’s Notes on Determinative Mineralogy and Record of Mineral Tests.
Svo, paper, 60

Tables of Minerals, Including the Use of Minerals and Statistics of
Domestic Production Svo, X 00

* Pirsson’s Rocks and Rock Minerals 12mo, 2 50
* Richards’s Synopsis of Mineral Characters 12mo, mor. 1 25
* Ries’s Clays; Their Occurrence, Properties and Uses Svo, 6 00
* Ries and Leighton’s History of the Clay-working Industry of the United

States Svo, 2 60
* Tillman's Text-book of Important Minerals and Rocks Svo, 2 00
Washington's Manual of the Chemical Analysis of Rocks Svo, 2 00

MINING.

* Beard’s Mine Gases and Explosions Large 12mo, 3 00
* Crane’s Gold and Silver Svo, 5 00

* Index of Mining Engineering Literature .Svo, 4 00
* Svo, mor. 5 00

Mining Methods. (In Press.)

Douglas’s Untechnical Addresses on Technical Subjects 12mo, 1 OO
Bissler’s Modem High Explosives : Svo, 4 00
Goesel's Minerals and Metals? A Reference Book 16mo, mor. 3 00
Ihlseng’s Manual of Mining. — .. Svo, 5 00
* Iles’s Lead Smelting. I2mo, 2 50
Peele’s Compressed Air Pl^t for Mines I .Svo, 3 00
Riemer’s Shaft Sinking Under Difficult CJonditions. (Ckjming and Peele,)8vo. 3 00
* Weaver's Military Explosivoa. ^ .Svo, 3 00
Wilson's Hydraulic and Placer Mining. 2d ^itidn. retwritfbn...' 12^o, 2 60

Treatise on Practical and Theoretical Mine Y^tilatioh 12mo, I 25
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SANITARY SCIENCE,

Association of State and National Food and Dairy Departments, Hartford
Meeting, 1906 8vo, $S 00

Jamestown Meeting, 1907 8vo, 3 00
* Bashore's Outlines of Practical Sanitation. 12mo, 1 25

Sanitation of a Country House 12mo, 1 00
Sanitation of Recreation Camps and Parks 12mo, 1 00

Polwell’s Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00
Water-supply Engineering 8vo, 4 00

Fowler’s Sewage Works Analyses 12mo, 2 00
Fuertes’s Water-filtration Works 12mo, 2 50

Water and Public Health 12mo, 1 50
‘Gerhard’s Guide to Sanitary Inspections 12rno, 1 SO

* Modem Baths and Bath Houses 8vo, 3 00
Sanitation of Public Buildings 12mo, 1 50

* The Water Supply, Sewerage, and Plumbing of Modem City Buildings.
8vo, 4 00

Hazen’s Clean Water and How to Get It Large 12mo, 1 50
Filtration of Public Water-supplies 8vo, 3 00

Kinnicut, Winslow and Pratt’s Purification of Sewage. (In Preparation.)

Leach’s Inspection and Analysis of Food with Special Reference to State
Control 8vo, 7 50

Mason’s Examination of Water. (Chemical and Bacteriological) 12mo, 1 25
Water-supply. (Considered principally frona a Sanitary Standpoint)

.

8vo, 4 00
* Merriman’s Elements of Sanitary Engineering Svo, 2 00
Ogden’s Sewer Construction .8vo, 3 00

Sewer Design 12mo, 2 00
Parsons’s Disposal of Mtmicipal Refuse 8vo, 2 00
Prescott and Winslow’s Elements of Water Bacteriology, with Special Refer-

ence to Sanitary Water Analysis 12mo, 1 50
* Price's Handbook on Sanitation 12mo, 1 50
Richards’s Cost of Cleanness 12mo, 1 00

Cost of Food. A Study in Dietaries 12mo, 1 00
Cost of Living as Modified by Sanitary Science l2mo, 1 00
Cost of Shelter 12mo, 1 00

* Richards and Williams’s Dietary Computer 8vo, 1 60
Richards and Woodman’s Air, Water, and Food from a Sanitary Stand-

point Svo, 2 00
* Richey’s Plumbers’, Steam-fitters’, and Tinners’ Edition (Bixilding

Mechanics Ready Reference Series) 16mo, mor. 1 50
Rideal’s Disinfection and the Preservation of Pood Svo, 4 00

Sewage and Bacterial Purification of Sewage Svo, 4 00
Soper’s Air and Ventilation of Subways 12mo, 2 60
Tumeaure and Russell’s Public Water-supplies .Svo, 5 00
Venable’s Garbage Crematories in America Svo, 2 00

Method and Devices for Bacterial Treatment of Sewage Svo, 3 00
Ward and Whipple’s Freshwater Biology. (In Press.)

Whipple’s Microscopy of Drinking-water Svo, 3 50
'Typhoid Fever Large 12mo, 3 00
Value of Pure Water Large 12mo, 1 00

Winslow’s Systematic Relationship of the Coccacese Large 12mo, 2 50

mSCELLANEOUS.

Emmons’s Geological Guide-book of the Rocky Mountain Excursion of the
International Congress of Geologists Large Svo. 1 50

Ferrel’s Popular Treatise on the Winds : Svo. 4 00
Fitzgerald’s Boston Machinist ISmo, 1 00
-Gannett’s Statistical Abstract of the World 24mo, 75
Haines’s American Railway Management 12mo, 2 50
Hanausek’s Thfe Microscopy of Technical Products. (Winton) SVO', 5 00
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Jacobs’s Betterment Briefs. A Collection of Published Papers on Or-
ganized Industrial Efficiency 8vo,

Metcalfe’s Cost of Manufactures, and the Administration of Workshops,.8vo,
Putnam’s Nautical Charts 8vo,
Ricketts’s History of Rensselaer Polytechnic Institute 1824-1894.

Large 12mo,
Rotherham’s Emphasised New Testament Large 8vo,
Rust’s Ex-Meridian Altitude, Azimuth and Star-finding Tables 8vo,
Standage’s Decoration of Wood, Glass, Metal, etc 12mo,
Thome’s Structural and Physiological Botany. (Bennett) 16mo,
Westermaier’s Compendium of General Botany. (Schneider) 8vo,
Winslow’s Elements of Applied Microscopy 12mo,

HEBREW AND CHALDEE TEXT-BOOOKS.

Gesenius’s Hebrew and Chaldee Lexicon to the Old Testament Scriptures.
(Tregelles.) Small 4to, half mor.

Green’s Elementary Hebrew Grammar. 12mo,

$3 50
5 00
2 00

3 00
2 00
5 00
2 OO
2 25
2 00
1 50

5 00
1 25
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